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Table 8.46.  Primary Sysiem COntaminated Equipment

l laterial Quantity
Estimated Surface
Radiat ion Level

Estimated

Volume

( f t 3 )

十一一一一一

Reactor coolant punp inpellers
Reactor coolant pump motors
Undenrater vacuum
Undervater cutting machines
Tools and grapples

Core filter support structure

4

4

1

2

8000 1b

5 R/hra

10 mR/hr

300 mR/hr

300 mR/hr

50 mR/hr

100 mR/hr

3000

9200

30

10

100

100

aln sea'l area.

Table 8.47.  Contaminated Equipment--Min imum and Maximum Waste Generat ion

Factor
l4inimum Generat ion l4ax'imum Generation

Equipment  l t l i r ror  Insulat ion Equipment  l4 i r ror  Insulat ion

Original volumea
Process used

Volume reduct ion

Package type

3,450

Sectionlng

2

LSA box

33

15,000

Baling

2 . 5

70-ft3 1inerd

86

(ft3)

factorb

36,000

None

None

LSA boxC

450

15,000

None

None

LSA box

188Number of packages

a[i:‖
p需8ilec:ふ:♀:t]i8imと1088ulモ]ell。品

°
RSi;133°f28880f[:3f,l常

sdを
,‖efiigi°

r defueling; maximum
bAssumes 50 percent of volume can be sectioned with volume reduction factor of 2.

CLSA box assumed to have 80-ft3 capaCity.  If 120‐
ft3_capacity LSA liners are used, number of

packages ls reduced by 33 percent.
dEach liner contain3 0.7 Cis could require shギ

elded shipment.
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Table 8.48.  Reactor Vessel― ‐Irradiated Hardware

ilaterial Quanti ty

Estimated
Volume

(ft3)

Estimated Surface
Radiation Level

(mR/hr)

Thermal insulation from
reactor head

Oiaphragm over seal plate

Stud and nut fragnents
Upper plenum assembly

fragnents

Core support assembly
Electr ic cables and coolant

l ines

Ori f ice rods I
Control rods I
Burnable poison rods t
Axial pover shaping rods I

Control & shaping rod-
drive mechanisms

Control & shaping rod-
lead screws

Control & shaping rod-
lead stators

16 sections
1

15

150

225

200

L77

120

8

24

1200

1300

300

０

　

０

　

０

０

　

５

５

０

　

０

５

　

５

300

Assumed to be
removed with fuel

300

52

67

69

69

69 100

The alternatives considered provide a basis for bounding the quantities of packaged irradiated
hardware that cor.io be generated. The bounding co;Citions considered were as follows:

- l laximum Packaqed l{aste. The i tems l isted in Table 8.48, with radiat ion levels requir ing
ffi overpack and no volume reduction.

- l4inimum 2ackaqed t'laste. The items listed in Table 8.48 with the radiation 
'levels 

shown plus
@ f a c t o r o f 2 t h r o u g h s e c t i o n i n g a n d d i s a s s e n b . | y .

The quantities and characteristjcs of waste packages under these bounding conditions are shown in
Table 8.49.

8.3.3 Detai ls of  l lethods and Faci. l i t ies

The methods used to handle and package solid materials will be selected. and performed using
procedures and techniques that (1) maintain si te personnel exposure at "as. lor l -as-reasonably

bchievable" (ALARA) ldvels,  (2) minimize the volumes of packaged waste, and (3) minimize the
pnobability o-f a hindling iccident which could breach.the integrity.of the dispos-abl-e_.c_ontainer
in which fhe waste is patkaged. The methods current'ly used to package and handle AFHB trash
would be continued.

grums containing conpacted trash have beern handled on 16-ft2 pallets that hold four drums each
and are moved wlth forklifts. Palletjzal;ion of drums reduces the handling tine and prov'ides a
stable means of stacking drums in an interim storage area to await shipment. The larger LSA
boxes also have been handled with forkli 'fts. Palletized drums and LSA boxes are stacked three
high in an interim storage area to await l;ransfer to a transport vehjcle.
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Table 8.49. Irnadiated HarJware--llinimum and l.laximum
l{aste Generation

Factor
l,li nimum

Generation
Maximum

Generati on

】88i需iテ‖lalevel'1
0riginSl ヤolume

Process used

Volume reduction facton
Package type
Humber of packages

Radiat ion. levels greater than
200 mR/hr'

Original  volume
Process used
Volume reduction factor
Package type
Nunber of cask shipmentsc

less than

(ft3) 2700

Dissassembly

2

LSA box

31

510

None

None

None

70。ft3 caSk

15

NAb

NA

NA

NA

3300

None

None

None

70-ft3 caSk

105

aAt surface of equipment.
h"NA = not appl icable. (For the naximum generat ion condit ions
it is assumed that all irradiated hardware would have radio-
act iv i ty levels in excess of 200 mR/hr.)

c7O-fts capacity cask and 50 percent packaging efficiency.

8 . 3 . 3 . 1  T r a s h

The pract ices and techniques used to col lect,  package, and handle trash from decontaminat ion of
the reactor bui lding and from defuel ing wi l l  be essent ial ly the same as those current ly used for
AFHB trash.

Personnel ant icontaminat ion clothing wi l l  be accumulated in the containment service bui lding.
0ther dry waste, both compact ible and noncompact ible,  wi l l  be accumulated at several  locat ioni  in
the reactor building. The accumu'lated material will be wrapped in polyethylene and removed from
the reacton building through the equipment hatch. This bagged waste then will be transferred to
the packaging area. I t  wi l l  be segregated, i .e. ,  compact ible versus noncompact ible,  and then
packaged. Compactible trash will continue to be processed through the existing drum compactor to
achieve a volune reduct ion factor of 5 and placed in 55-gal lon drums. AFHB noncompact ihla trash
has been p-ackaged in 80-ft3-capacity wooden LSA boxes. In the future, these 80-ft3 wooden boxes
and l20-ft3-capacity metal LSA boxes will be used to package noncompactible trash and cont;aminated
equipment.  After packaging, mater ials vi l l  be moved to the low-level stonage area via forkl i f t .
truck to await shipment. Drums will be moved and stored on four-drum pa'llets.

The minimum and maximum guant i t ies of t r i rsh that could be generated are l isted in Table 8.50. As
shown, incineration of conbustible trash could reduce the number of drums containing trash by a
factor of 10. No decision has been made on the use of incinerat ion, and a comparison of this
technique relat ive to compact ion is summarized in Table 8.51. As i l lustrated in this table, both
alternatives have advantages and disadvarrtages.
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Table 8.51. Comparison of Incinerat ion Versus Compact ion of Combust ible Trash

Mi nimum
Trash Volumes

l'laximum
Trash Vo'l umes

Factor Incinerat ion Compact ion Incinerat ion Compact ion

Number of drums
Number of shipments
P'lant storage space (ftz;a

Disposal s i te use (t ts lu

Occupational exposure (person-rem)

Packaging, handl ing,
transportation

Releases to atmosphere (Ci)

Time to implement (years)

Cap i ta l  cos t  ($  mi l l ions)
0pera t iona l  cos t  ($  mi l l ions)

480

34

1,440

7,200

35

1.5 X 10-4

2

5 . 6

0.43‐0。65

4,800
40

14,400
72,000

45

1 x 10-4c
0
0

0.49-0 .  51

975

70

2,900

14,600

67

3 X 10-4

2

5 . 6

0.88-1.3

I ,740
81

29 ,000
146 ,000

84

2 x 10-ac
0
0

0 . 9 8 - 1 . 2
aDrurr stacked two high; 3 ft2ldrum.
bt5 ft3/drum.
cBased on bui lding vent system with conservat ive HEPA decontaminat ion factor of 103.

8.3.3.2 Contaminated Equipment

I f  contaminated equipment cannot be decontaminated in-place, i t  wi l l  be disassembled and moved
with forkl i f ts and cranes to a package-preparat ion area in the containment service bui ' ld ing.
Equipment that can be decontaminated using special  techniques wi l l  be moved to separate decontami-
nat ion stat ions. Equipment that must be disposed of as waste wj l l  be separated by size for
compatibi l i ty with LSA boxes and radioact iv i ty level.

The smal len  equ ipment  tha t  w i l l  f i t  in  LSA boxes  w i l l  be  packaged us ing ' rhands-onr rcontac t  methods .
Some equipment may be wrapped in polyethylene pr ior to placement in the LSA box or whi le await ing
packaging in the laydown area. Individual boxes wi l l  be loaded within shie' lded enclosures as
required to minimize exposure to si te personnel.  Administrat ive controls also wi l l  be placed on
r"he surface dose for individual boxes.

Larger i tems of equipment and mater ials that can be readi ly reduced in volume wi l l  a lso be handled
and packaged using "hands-on" methods such as use of power saws.

The vo lume reduc t ion  techn iques  descr ibed in  Sec t ion  8 .3 .2 .2 ,  (d isassembly ,  sec t ion ing ,  and
bal ing) wi l l  be used to the extent pract icable on a case-by-case basis.

For large i tems l ike the reactor coolant pumps and motors, emphasis wi l l  be on in-place decontam'i-
na t ion .  I f  in -p lace  decontaminat ion  is  no t  success fu l ,  these un i ts  w i l l  be  d isassembled  to  the
extent pract icable and removed from the reactor bui lding through the equipment hatch to an onsite
decontaminat ion area. I f  further decontaminat ion is not possible, they wi l l  be packaged in
special  containers for of fs i te shipment and disposal.

Large crates would be bui l t  for equipment that could not be readi ly sect ioned for placement in
LSA boxes. After packaging, the LSA boxes would be transferred to storage to await  shipment.
Large crates would be shielded and lef t  in placre to await  shipment.

The minimum and maximum quant i t ies of packaged r:ontaminated equipment that could be generated are
shown in Table 8.52. In this tab1e, the min' imum and maximum unpackaged volumes given in
Table 8.43 are used, and i t  has been assumed th,r t  50 percent of this equipment is compatible with
techniques that wi'l l reduce packaged volume by,r factor of two.
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Table 8.52. Packaged Contaminated Equipment Summary

Factor
I ntact

Equipment
Secti oned
Equi pmenta

Mi rror
Insu l  a t ion

. Minimun Generat ion

Original  Volume (f t3)

Package type
Number of packages

Average Cilpackage

Package surface
radiat ion level

l4aximum Generation

Or ig ina l  vo lume ( f t3 )

Package type

Number of packages

Average Cilpackage

Package surface
radiat ion level

1,725

70‐ft3 1iner

25

0 . 7

500 mR/hrd

18,000

LSA bOxb

225

0 . 2

160 mR/hr

1,725

70‐ft3 1iner

13

1 , 3

1000 mR/hrd

18,000

LSA box

l13

0 . 4

320 mR/hr

15,000C

70‐ft3 1iner

86

0 。7

500 mR/hrd

15,600

LSA box

188

0 . 3

240 mR/hr

〓一
程
】
エキ
≡キ一
キ一を
一

aSect ioning reduces volume by factor of 2.
bLSA lo* assurneci to have 80-f ts capacity.  I f  120-f t3-capacity LSA l iners
are used, number of packages is reduced by 33 percent and curie content alld
radiat ion level are increased by 50 percent.

cMjnirrm generat ion based on bal ing with volume reduct ion factor of 2.5.
.l'Packages with these radiat ion levels could require shielded shipment.

8 .3 .3 .3  I r rad ia ted  Hardware

The irradiated hardware l isted in Table 8.48 could be packaged in steel containers within the
reactor bui lding and transferred through the equipment hatch. The character ist jcs of some of
this i rradiated-hardware warrant special  handl ing considerat ions as discussed below.

Control Rods and Control Rod Lead Screws

The exact extent of core damage is unknown, but some of these components may be fused to fuel
assemblies to the extent they iannot be readj ly separated. Such components may have to be handled
together with the damaged fuel assembly to which they are attached.

Control Rod Drive l4echanisms

Each control  rod dr ive mechanism is about 4L inches in diameter and 17 f t  1ong, and the stator
sect icns are 9t inches in diameter and 21 inches long. These dr ive mechanjsms are normal ly
attached to the reactor pressure vessel head. Because of the expected high radiat ion dose rates
from internal surfaces of these mechanisms, the whole assembly motor and pressure boundary wi l l
be cut of f  f rom each mechanism and handled underwater or dismantled and packaged for shipment ' i f

radiat ion levels permit .

The other i tems of i r radiated hardware are expected to have relat ively low radiat ion levels,
belovr 1 R/hr.  Thjs hardware wi l l  be sect ' ioned in the containment servjce bui ' ld ing and packaged
in LSA boxes or jn containers compatible with shielded shipment as required.

The bounding condit ions shown in Table { t .49 are the staffrs est imate of the best- and worst-case
requirements for packaged irradiated hardware.
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8.3.4 Effluents and Releases to the: Ffrvironmq4t

The nature. and -impacts of reieases to the environnent that could occur during solid waste pack-
aging and handling under normal conditions and under abnormal conditions or Eicidents are discussed
bel ow.

8.3.4.1 l {ormal 0perat ions

General ly,  airborne.eff luents anising from waste packaging operat ions are vented to the plant
exhaust system. -Under normal conditions, the operations Invblved in packaging and handlfng of
contaminated equipnent and irradiated hardware'would not result in e?ftueit ieleases to tlhe
environment. Compaction of trash could result in release of radioactive effluents to the plant
exhaust system, and the releases that could arise from these operations are discussed below.

Trash Compaction

The radionucl ide content of t rash consists of surface contaminat ion, and a port ion of this mate-
nial in the form of particulates -could be released to the plant vent systein during compaction.
The gross activity of each drum is conservatively estimateh to be about 0.2 Ci. 

-The 
imounts

(curies) o-f qajgn radionuclides that could be released during compaction of trash for a fractional
release oJ l0-a_, _or 0.01 percent of drum radionuc'lide to th'e Uuitaing atmosphere content, are
shown in Table 8.53.

Table 8.53. Est imated Radionucl ide Releases to Bui lding
Atmosphere during Trash Compaction

Radionucl ide

Amoulim8::景:;:d(:♀/8‖il,ing
Reactor Bui lding

AFHB Trash Trash

t。 :‖i]li合3°岩l掃。Sil:予8etci)a
Reactor Buildう ng

AFHB Trash Trash

Cs‐137

Cs‐134

Sr-90

Sr‐89

1,6 X 10‐5

2.8 X 10-6

1.2 X 10‐6

4.O X 10-7

1.8 X 10-5

1.I X 10‐ 6

2.O X 10-7

5。3 X 10-2

9.2 X 10-3

3.9 X 10-3

1.3 X 10-3

1.7 X 10-1

1.6 X 10-2

1.9 X 10-3

"Releaser before HEPA f i l ters.  The HEPA f i l ter on the bui lding exhaust
system would also reduce these values by a factor of 103.

Trash Incinerat ion

If  an incinerator js used for combust ible trash, the eff luents released during normal operat ions
depen$ on the melhod of combustion, the combustion chanber design, and the ope"rational iharacter-
ist ics of the qff :gas cleanup system. For wel l -designed commercial  incinerators, up to 98 per-
cent of the ash containing nonvolat i le radionucl ides can be retained in the combust ion chamber.
The off-gas cleanup system typical ly gcnsists of a wet scrubber,  fol lowed by a HEPA f i l ter,
fol lowed by a volat i le radionucl ide absorpt_ion system. This cleanup train typical ly has an
off-gas decontamination factor of 106 to 107. To quantify reactor building trash iicinerator
part iculate eff luents, i t  is assumed by the staff  that 85 pencent of the nonvolat i le radionu-
clides would be retained in the ash in the combustion chamber and that the off-gas cleanup system
had a decontamination factor of 106. lJased on these assumptions, the estimated radionticlide
releases per hour of incinerator operation rvith a 33-fts-per-hour trash feed are presented in
Table 8.54. The amounts shown would be released direct ly to the environment.
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Table 8.54. Est imated Radionucl ide Releaser,
to the Environment during Trash Incineratian

Radionucl ide
Amount Released

(Ci/hr) R[♀を:lettm?は|;a
Cs‐137

Cs‐134

Sr‐90

Sr‐89

2.3 X 10-8

4.2 X 10‐9

1.8 X 10-9

5.9 X 10‐10

2.4 X 10-4

4.3 X 10と 5

1.9 X 10-5

6.l X 10-6

aBased on the fractlonal rolease of 、
l maximum

::1占30: :::ftj_::‖!常8:iblia:laiをeil°m Table 8.50,

8.3 .4 .2  Acc ident  Cond i t ions

The accidents postulated during packaged-waste handling and storage can be divided into two
categories: (1) storage-area f i res and (2) breach of container integri ty as a result  of  the
containerrs being punctured or dropped during waste handl ing operat ions. The accident condit ions
postulated and their  consequences in terms of ef f luent releases are discussed below.

Storage-Area Fire

A worst-case accident would ar ise from a f i re in the storage area for waste with low levels of
radioact iv i ty.  The conservat ive condit ions postulated fon this accident are as fol lows:

' The low-l :vel packaged waste in the storage area consists of 200 drums containing
compacted trash and 40 LSA boxes of uncompacted trash.

'  The fract ional radionucl ide release rate, in the forn of respirable ash, for the combus-
t ible trash in the storage area is 0.1 volume percent.

The pr incipal radionucl ide releases ar is ing from this postulated accident are given jn Table 8.55.
The gross radioact iv i ty in compacted trash drums and LSA boxes was assumed to be 0.2 and 0.1 Ci,
respecti vely"

Table 8.55.  Est imated Radionucl ide Releases
to the Environment during Low-Level

VJaste Storage Area Fire

Radlonuclide
Fract ion (%)

i n Storagye Area
Amount

Re leased (C i )

革
章

Cs‐137

Cs-134

Sr-90

Sr-89

3   X 10。2

6.2 X 10-3
12.6 X 10-3

9   x 10_4

78

14

6

2

|:圭
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Pac\aginq/Ha,ndlins Accidents :

ll!..:Pl:.1!:n:"_t-,91 these accidents would.depend.on the.waste type and its condition, the radio-
l l t lYi tv and.radionucl ide content of the brelched container,  t t r l ' t rac[ ion"t-r t i . "se 6f mater ialsln the container,  the interact ion with other containers, aird t t re area in the plant where the 

-
accident occurred.

The worst-case condit ions considered for each type of packaged sol id are summarized in Table g.55.

To est imate the amounts of radionucl ides released in the form of respir .rble part iculates for eachof these.accidents, it was assumed that, 10-3 of the piir"sid ilr$-;;ii l.-"5uic be released fortrash and mirror insulat ion packages. The fract ional ' releise rate assumed for immobi l ized incin-erator ash was 10-s of the packa-ge contents. The estimated releases for each of the accidentsshown in Table 8.56 are pre6ented- in Table 8.57" rne rei lases shown are based on worst-case(maximurn) radionuc!ide cohtent for each package type- 
- -'-

TPble 8.5Rと
ci8:景t甘

1]柿
:1‖♀【3tS:]早8 88:を:ge Handling

I'laste Type Contai ner Acci dent

LSA compact ible
trash

Incinerator ash

LSA Nonconpactible
trash

Mimor  insu la t ion

Drum

Drum

LSA box

70-ft3 1iner

Forkl i f t  penetrat ion

Drop from cl.ane or
monorai I
Forkl  i f t  penetrat ion

Drop from crane or
monorai I

aAl l  acc idents assumed
releases d i rect ly  to

to occur on the
the environs.

l oad ing  dock ,  w i t h

Table 8.57.  Est imated Accident  Releases to the Envi ronment

_  Amount Released (ci)

Radionucl  ide
CO冊
♀]:!i畳

le    Nonco‖
‖::13ble    ln普i‖告!;。nc

InCig景』ator

Cs‐137

Cs‐134

Sr。90

Sr‐89

1.6 X 10-4

2.8 × 10-5

1.2 × 10-5

4   X 10-6

7.8 X 10-5

1.4 X 10-5

6.  X 10-6

2   X 10-6

2.3 X 10-4

4.2 X 10-5

1.8 × 10-5

6   X 10‐6

1.6 X 10-5

2.8 X lo-6

1.2 × lo-6

4   × lo‐7

ao. z ci ldrum.
bo.t ci l tsR 0o,..
co.g c i / lo- f t3  l iner .
dz ci/drur.
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maxlmum taste oeneration volumes.  Theser exposure estimates for AFHB, reactor building, and
defuel:ng waste lare prlsented in Tables 8.58, 8.59, and 8160, respectively, and are summaFized in
Table 8.61.                                                        '

AFHB Wastes

AF‖B waste (see Table 8.58) would be packaged and handled by two白 perSOn crews, and four crews
would be used over the 15‐ month period required to perform this activity.  The average exPosure
to each crew member over a 15-month period is estimated to be 2.3 rem, or an average of O.6 rem

per quarter.  If the WOrk were conducted over an 18-month period, the average dose would be
O.5 rem per crew memゅ er per quarter。                      1

The expectld number of additional cancer mortalities in the work force of eヽ ght persons receiving
this cumulative dose of radiation would be O.003.  This means that the added probab1lity that the
average individual worker would die of cancer would be l in 3000.  The expected number of addi―
tional genetic effects in the offspring of the work force receiving to tilis cumulative dose of
radiation would be O.005。

Reactor Buヽlding Wastes

Reactor building wastes (see Table 8.59)would be packaged and handled by two― member crews, and
four crews would be used over the perfod requtred to lomplete this activity.  Under minimum waste

generation conditions, this activity could be performed over an 18‐ month period, and crew members
would receive an average radiatlon dose of about l.6 rem, or about O。 3 rem per quarter.  Under
maximum waste generation conditions, this activity could be performed over a 30-month period, and
each crew member would receive a tOtal of about 5 rem, or O。 5 rem per quarter.

FOr the cumulative cccupatttonal dose range of 12 to 43 person―rem, the expected number of addiい
tional cancer mortalities in the work force of eight people ranges between O.002 and O。 006.  This

means that the added probability th3t the aVOrage individual worker would die of cancer ranges
from l in 5000 to l in 1500.  The expected number of additlonal genetic effects in the offspring
of the work force exposed to this cumulative dose of radiation ranges between O,003 and O。 01.

Defueling Wastes

Defueling wastes (Table 8.60)would be packaged and handled by two― member crews, and three crews

would be used over an 18‐  to 36-month Period.  Under minimum waste generation conditions, the
activity could be completed in 18 months, and each crew member would recoive a tota]dose of
about l.4 rem, or about O。 24 rem per qwarter.  Under maxlmum waste generation conditions, the

activity could be completed in 30 months, ● nd each crew member would receive a total of about

4.7 rem, or about O。 47 rem per quarter.

Based on a maximum cumulative dose of 30 person― rem for handling and packaging of so]id wastes,

the expected number of addit'onal cancer mortallties in the work force exposed to this maく imum

cumulative dose of radiation would be O。 004.  The added probability that the average lndividual

worker would die of cancer would be l in 1500.  The expected number of additiona]genetic effects
in the offspring of the work force exposeci to this maximun cumu]ative dose of radiation would be
O.008.
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Table 8.58. Est imated Occupat ional Radiat ion Doses from Handl ing and Packaging
of AFHB Sol id Wastes

l{aste Form
Package
Type

Unit  Oose
(person-mrem/

package)
Cumu'l ati ve Occupational

Dose (person-rem)

Trash--without i nci nerati ona
Compactible
Noncompacti bl e
Total

Trash--wi th i nci nerationa
Combusti bl e
Compacti bl e
Noni:ompacti bl e

Total

Drum
LSA box

Drum
Drum
LSA box

3 . 5
21

17
3 . 5

21

11.5
13

25b

4 . 2
2 . 8

13

20

一軍

aAlternat ives being considered.
bRounded to two signi f icant f igunes.

Table 8.59.  Estimated Occupational
Reactor

Radiat ion Doses from Handl ing and Packaging of
Bui ' ld ing Sol id tJastes

Waste Form
ｇａ

ｅ

ｋ

ｐ

Ｃ

ｙ

ａ

Ｔ

Uni t  Dose
(person-mrem,/

package)

Cumulat ive Occupat i  onal
Dose (person-rem)

Best Case Worst Case

一・・十
一．，一！一
一一・一
一！一
一，！．

Trrash--without i nci nerationa
Compacti bl e
Noncompacti bl e

Subtotal
Trash--wi th i nci nerationa

Combusti bl e
Compacti bl e
l{oncompacti b1e

Subtotal
Contami nated equipment
l l i r ror insulat ion

Low activitl '
ni gn:speci tic activityc

Total sb

Drum
LSA box

Drum
0rum
LSA box

LSA box

LSA box
Li ners

3 . 5
21

17
3 . 5

21

6
5 . 2

1lb

2 . 2
1 . 5
5 。2

8 , 9

0 . 8

2 . 2

12-14d

20
14

34

7 . 5
5

14

27b

4 . 7

3 . 9

36-43d

１

　

　

１

２

２

　

　

２

２

aAlternat ives being considered.
bRounded to two signi f icant f igures.
csame or ig ' inal  volume reduced by eompact ion, which increases specif ic act iv i ty.
dR"ng" ref lects effect of  incinerat ion.

工li=|二章==差土姿こ転革岳軽韮韮基姦基轟轟轟畠轟遼基
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Table 8.50. Est imated Occupat ional Radiat ion Doses from Handl ing and Packaging
of Solid bJastes from Defueling and Pnimary System Decontamination

l{aste Form

Unit  Dose
Package (person-mrem/
Type package)

。甲m甘古:[.ヤie‖::|:]:詰;nat
Best Case    Worst Case

Trash--without i nci nerationa

Compact ible
l{oncompacti bl e
Subtotal

Trash--wi th i nci nerationa

Combusti bl e
Compacti bl e
Nonconpactibl e

Subtotal

Contami nated equipment

Irradiated hardware

Lcw activity
Hi gh-speci f i c activi *"y

Total sb

Drum
LSA box

Drum
Drum
LSA box

LSA box

LSA box
Li ners

17
3 . 5

21

21

5
3 . 5
8 . 5

1 . 8
r . 2
3 . 5

6 . 5

0 . 1

0 . 6
J . 3

7 . 5 - 9 . 5 c

6 . 1
3 . 5

11

20

3 . 1

i . t
26- 30c

3 . 5
21

４

１

　

５

１

１

　

２

１

２

２

２

aAlternat ' ives being considered.
bRounded to two signi f icant f igures.
cRang" ref lects effect of  incinerat ion.

Table 8.61.  Sumnary of  Est imated Occupat ional
Radiat jon Doses f rom Handl ing and

Packaging of  Sol id  Wastes-

Waste Forn

Cumulat ive Occupat i  onal
Dose (person-rem)

Best Case Worst Case

Trash――wlthout inclneration

Trash――wlth inclneration

Contaminated eqじ pヽment

Mirror insulation

lrradiated hardware

Tctal

45,0

35.0

1 . 0

2 . 2

1 . 0

39-49b

84.0

67.0

9 . 0

3 . 9

2 . 3

82-99b

aCombines  es t imates  f rom Tab les  8 .59 ,  8 .60 ,  and 8 .51 .
bR"ng" in totals ief lercts impact of t rash incinerat ion,
rounded to two signi f  icant f igures.
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8.3 .5 .2  0 f fs i te  Ooses

The dose estinates presented here are for nonnal releases from trash conpaction and incineration.
The source tenns aie presented in Section 8.3.4.1, Tables 8.53 and 8.54. The calculational
models used to nake th-ese estiniates and the interpretation of their results are described in
Appendix t{. The significance of these doses and their human health and environmertal conseguences
aib discussed in Settion 10.3. The dose estimates to the maximum exposed individual for trash
compaction of AFHB yastes are listed in Tabte 8.62, and the 50-mile population dose was estimated
to be I x l0-3 person-rem. The dose estimates to the naximum exposed individual for trash compac-
t ion of reactoi  bui ldins wastes ane l isted in Table 8.63, and the S0-mile populat ion dose was
estimated to be 2 x l0-3 person-rem. The dose estimates to the maximum exposed individual for
trash incineration are listed in Table 8.64, and the S0-mile population dose was estimated to be
5 x 10-3 person-rem-

8.3.8,.3 Postulated Accident Effects

The types of accidents for which dose estimates are made here are the following:- (1) fl 're-in
lorv-level storage area; (2) breach of a package con'uaining compactable trash; (3) breach of a
package containing noncompactible trash; (4) breach of a package containing mirror insulation;
and (5) breach of-a package containing incinerator ash. The accidents are described in Sec-
t ion 8:3.4.2 and thei i  souice tenns are l isted in Tables 8.55 and 8.57. The calculat iona' l  models
used to make these estimates and the interpretation of their results are described in Appendix lJ.
The significance of these doses is discussed in Section 10.4. The dose estimates for the maximum
exposed individua' l  are in Table 8.65 for the' low-level t rash f i re,  Table 8.66 for the breach of a
pabkage containing compactable trash, Table 8"67 for the breach of a package c-ontaining noncom-
iactable trash, Tible b.58 for the breach of a package containing mirror insulation trash, and
Table 8.59 for the breach of a package containing incinerator ash.

8.3.5.4 Psychological-Socioeconomic Effects

lecontaninat ion of the AFHB and reactor bui lding, pr imary system processit tg,  reactor defuel ing,
and primary system decontamination involve activities that generate solid waste. Such waste can
be classi f ied-as ei ther sol id mater ials ( trash, contaminated equipment,  i r radiated hardware, and
damaged fuel assemblies) or process sol ids (exchange resins, accident sludge, and evaporator
bottoms).

The staff  concludes that al though airborne releases ui l l  pose a negl igible health threat to
individuals l iv ing in the vic ini ty of Tt l I ,  the packaging and handl ing of so- l id waste could arouse
aCciitional distrels for some mernbers of the public because of uncertainties surrounding the
ult imate disposal of  the waste. For local people, this concern is fccuseC on the possibi l i ty of
using the stbt ion si te as a long-term storage faci l i ty and is a factor exacerbat ing exist ing
uncertainty and anxiety.

Although they would have negl igible offs i te health consequences,_'che accidents depicted _irr  the
scenarios considered by the-staff  vrould aggravate exist ing prrbl ' ic uncertainty,  especial ly. in.
local communities. The level and duration of psychological dirrtrtrss would be associated w'ith +-he

character of the initiating threat, the level bf controversy, and/or the type and length of media
coverage.

8-3-5 Economic Costs
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Table 8.52. Dose Estimates for the ilaximunr Exposed Individual
for Trash Compaction of AFHB l{astes

8,67

Location
Dose (mrem)a

Pathway Total―Body Bone Li  ver

Ne3:i8と
nb

Inhal ation
Ground Shine
Vegetable Use

Total

I  nhal at ion
Ground Shine
Goat il i ]k Use

Total

Inha' lat ion
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

1.8 X 10-6
6.2 X 10-6
1.4 X 10‐ 4

1.5 X 10-4

2.6 X 10-6
6.O X 10-6
1,O X 10-4

1.l X 10‐ 4

2.O X 10-6
9.2 X 10‐ 6

2.l X 10-4
3.4 Xヽ10‐5

2.6 X 10‐ 4

2.4 X 10-5
6.2 X 10-6
6.O X 10-4

6.3 X 10-4

9.3 X 10-6
6.O X 10-6
7.3 X 10-4

7.5 X 10-4

2.6 X 10-5
9。2 X 10-6
8,9 X 10。4

1.9 X 10-4

1.l X 10-3

2.8 X 10-6
6.2 X 10-6
1.4 X 10-4

1.5 X 10-4

1.9 X 10-6
6.O X 10-6
8.2X 10-4

8.3 X 10-4

3.l X 10-6
9.2 X 10-6
2,O X 10-4
1.6 X 10-4

3.7 X 10-4

Nearest
mi lk goat

Nearest cow
and garden

aDor" .  were calculated for  to ta l -body,  GI- t ract ,  bone,  l iver ,  k idney, ,
thyro id,  lu ig,  and sk in.  The maximum three-organ doses are l is ted in-  th is
table. Doses were calcuated for four age groups:adults, teenagers,
chlldren, and infants. The highest dose estimates for each age group are
list-.d. The dose estinates for the nearest garden and for the nearest cow
and garden locations are for children. The dose estimates for the nearest
goat location are for adults for total-body and for infants for bone and
I  i ve r .

bThe basis  for  se lect ing the specia ' l  locat icns is  descr ibed in Appendix W.
The actual  locat ions are:  nearest  garden = 1.05 mi les east-nor theast ,
nearest milk goat = l-02 niles north, and nearest cow and garden
=  1 .05  m i l es  eas t .
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Table 8.53. Dose Estimates for the l ' laximum Exposed Individual
for Trash Compaction of Reactor Building tJastes

Dose (mrem)a

Location Pathway Tota'l-Body Bone Li ver

Ne3:;3と
nb Inhal at i  on

Ground Shine
Vegetable Use

Total

Inhalat ion
Ground Shine
Goat l l i lk Use

Total

Inhal ati on
Ground Shine
Vegetable Use
Cow Milk Use

Total

5 。l X
l . 7 ×
1 . 3 X

1.5 X 10-4

4.6 X 10-6

1.7 X 10‐ 5

2.8 X 10‐ 4

3.O X 10‐ 4

5.7 X 10-6
2.5 X 10-5

■.9X10-4
1.l X 10‐4

3.3 X 10-4

６

５

４

０

０

０

1.9 X 10-5     8.4 X 10‐ 6

1.7 X 10-5     1.7 X 10-5
6.4 X 10-4     4.l X 10-4

6.8 X 10-4     4.4 X 10-4

Nearest
mi lk  goat

Nearest cow
and garden

8.6 X 10-6
1.7 X 10-5
2.O X 10‐ 3

2.O X 10‐ 3

2.l X 10-5
2.5 X 10-5
9.4 X 10-4
4.8 X 10-4

1.5 X 10-3

2.4 × 10-3

9.2 X 10-6
2.5 X 10-5
6.l X 10-4
4.7 × 10-4

1.l X 10-3

5 6 X
l . アX

2 . 4 X

０

０

０

１

１

１

堪
Ｈ一．瑳

義
竜
彊
電
弾
「

"Doses were calculated for  to ta l -body,  Gl- t ract ,  bone,  l iver ,  k idney,
thyro id,  lung,  and sk in.  The maximum three-organ doses are l is ted in  th is
table. Doses were calcuated for four age groups: adults, teenagers,
children, and infants. The highest dose estimates for each age group are
listed- The dose estimates for the nearest garden and for the nearest ccw
and garden locations are for children- The dose estimates for the nearest
milk goat location are for adults for total-body and for infants for bone
and  l i ve r .

bThe basis  for  se lect ing the specia l  locat ions is  descr ibed in Appendix ! ,1 .
The actual  locat ions are:  nearest  garden = 1.05 mi les east-nor theast ,
nearest  mi lk  goat  = L.02 mi les nor th,  and nearest  cow and garden
=  1 .05  m i l es  eas t .



Table 8.54. Dose Estimates for the l.laximum Exposed Individual
for Releases Made due to Tnash Incineration
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Location
Dose (mrem)a

Pathway Total‐Body Bone Li ver

8.7 X 10‐ 6

2.9 X 10'S
6.8 X 10‐ 4

7.2 X 10‐ 4

1,2 X 10-5
2.7 X 10-5
4.8 X 10‐ 4

5。2 X 10-4

9.6 X 10‐ 6

4.2 X 10-5
9.9 X 10-4
1.6 X 10‐ 4

1,2 X 10-3

1.2 X 10-4
2.9 X 10-5
2.9 X 10‐ 3

3.O X 10-3

4。5X 10-5
2.7 X 10-5
3.4 X 10-3

3.5 X 10-3

1.3 X 10-4
4.2 X 10-5
4.3 X 10‐ 3

8.7 X 10,4

5.3 X 10-3

1.3 X 10‐ 5

2.9 X 10‐ 5

6.3 X 10-4

6.7 X 10-4

8.6 X 10-6
2.ア X 10-5
3.7 × 10-3

3.7 X 10‐ 3

1.4 X 10-5
4.2 X 10-5
9,3 X 10-4
7.2 X 10-4

1.7 X 10-3

aDoses were calculated for  to ta l -body,  GI- t ract ,  bone,  l iver ,  k idney,
thyro id,  lung,  and sk in.  The maximum three-organ doses are l is ted in  th is
table.  Ooses were calcuated for  four  age groups:  .  adul ts ,  teenagers,
chi ldren,  and infants.  The h ighest  dose est imates for  each age group are
listed. The dose estimates for the nearest garden and for the nearest cow
and garden locat ions are for  ch i ldren.  The dose est imates for  the nearest
mi lk  goat  locat ion are for  adul ts  for  to ta l -body and for  in fants for  bone
and  l i ve r .

bThe basis  for  se lect ing the specia l  locat ions is  descr ibed in Appendix W.
The actual  locat ions are:  nearest  garden = 1.05 mi les east-nor theast ,
nearest  mi lk  goat  = 1.02 mi les nor th,  and nearest  cow and garden
=  1 .05  m i l es  eas t .

Ne3:i8と
,b

Nearest
mi I k goat

Nearest cow
and garden

Inhal at i  on
Ground Shine
Vegetable Use

Total

I nhal ati on
Ground Shine
Goat t l i lk Use

Total

Inhal at ion
Ground Shine
Vegetable Use
Cow l , l i lk Use

Total
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Table 8.65. Dose Estimates to the l, laximum Exposed Individual
Caused by a Low-Level Storage Area Fire

Dose (mrem)a

Location Pathway Total‐Body Bone Li  ver

Ne3告
f岳とnb

Nearest
mi I k goat

Nearest cow
and garden

Inhal ati on
Ground Shine
Vegetable Use

Total

I nhal ati o n
Ground Shine
Goat Mi lk Use

Total

Inhal at.i on
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

2.O X 10‐ 2

2.2 × 10-1
5 . 4

5 . 6

3.l X 10-2
2.2 X 10-1

3 . 8

4 . 1

1.4 X 10-2
2.2 X 10-1

5 . 4
8.2 × 10-1

6 . 5

2.7 X 10‐ 1

2.2 X 10-1
24

24

1.2 X 10-1
2.2 X 10-1

27

27

1.9 X 10-1
2.2 × 10-1

24
4 . 4

29

2.9 X 10-2
2.2 X 10-1

4 . 7

4 . 9

2.l X 10-2
2.2 × 10-1

30

30

2.O X 10-2
2.2 X 10-1

4 . 7
3 . 6

8 . 5

"Doses were calculated for total-body, GI-tract,  bone, l iver,  k idney,
thyroid, ' lung, and skin. The maximum three-organ doses are l isted in this
table. Doses were calcuated for four age groups: adults,  teenagerl i ,
chi ldnen, and infants. The highest dose est imates for each age group are
listed. The dose estimates for the nearest garden and for the nearest cow
and garden locat ions are for chi ldren. The dose est imates for the nearest
mi lk goat locat ion are for adults for total-body and for infants for bone
and l i ver .

bThe basis for select ing the special  locat ions is descr ibed in Appendix l '1.
The actual locat ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi lk goat = 1.02 mi les north, and nearest cow and garden
= 1 .05  mi les  eas t .
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Table 8.66. Dose Estimates to the lt laximum Exposed Individual
Caused by Breaching a Package Containing Compactible Trash

Location

Dose (mrem)a

Pathway Total -Body Bone Li ver

9.6 X 10。 5

1.l X 10-3
2.5 X 10-2

2.6 X 10‐ 2

1.5 X 10-4
1.l X 10‐ 3

1.9 X 10。 2

2.O X 10-2

6.6 X 10-5
1.l X 10-3
2.5 X 10。 2

4.l X 10‐ 3

3.O X 10-2

1.3 X 10-3
191 X 10-3
1.l X 10-1

1.l X 10‐ 1

5。4 X 10-4
1.l X 10-3
1.3 X 10-1

1.3 × 10-1

8.7 X 10-4
1.l X 10-3
1.l X 10-1
2.2 X 10-2

1.3 × 10-1

1.5 X 10-4
1.l X 10-3
2.5 X 10-2

2で6 × 10-2

1.l X 10-4
1.l X 10‐ 3

1.5 × 10-1

1.5 × 10-1

1,0 × 10-4
1.l X 10‐ 3

2.5 X 10-2
1.9 X 10-2

4.5 X 10-2

aDoses were calculated for  to ta l -body,  GI- t ract ,  bone,  l iver ,  k ' idney,
thyro id,  lung,  and sk in.  The maximum three-organ doses are l is ted jn  th is
table.  Doses were calcuated for  four  age groups:  adul ts ,  teenagers,
chi ldren,  and infants.  The h ighest  dose est imates for  each age group are
listed. The dose estimates for the nearest garden and for the nearest cow
and garden locations are for children. The dose est' imates for the nearest
mi lk  goat  locat ion are for  adul ts  for  to ta l -body and for  in fants for  bone
and  l i ve r .

bThe basis  for  se lect ing the specia l  locat ions is  descr ibed in Appendix ! . l .
The actual  locat ions are:  nearest  garden = 1.05 mi les east-nor theast ,
nearest  mi lk  goat  = 1.02 mi les nor th,  and nearest  cow and garden
=  1 .05  m i l es  eas t .

Ne3告'8:nb

Nearest
mi lk  goat

Nearest cow
and garden

I nha'lati on
Ground Shine
Vegetable Use

Total

Inhal ati on
Ground Shine
Goat l i { i lk Use

Total

I  nhal at i  on
Ground Shine
Vegetable Use
Cow Hi lk  Use

Total
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Table 8.57.  Dose Est imates to the l4aximum Exposed Indiv idual
Caused by Breaching a Package Conta in ing Noncompact ib le Trash

Dose (mrem)a

Locat ion Pathway Total -Body Li  ver

Ne3:♀
8とnb

Nearest
mi I k goat

Nearest cow
and garden

trnhal at ion
Ground Shine
Vegetable Use

Total

I  nhal at i  on
Ground Shine
Goat  Mi lk  Use

Total

Inha la t ion
Ground Shine
Vegetable Use
Cow Mi lk  Use

Total

4 . 8 X
5 。4 ×
1 . 3 X

l . 4 X

7 . 4 X
5 . 4 X
9 . 5 X

1,O X 10-2

3.3 X 10-5
5。4 X 10-4
1.3 X 10-2
2.l X 10-3

1.6 X 10-2

2.7 X 10-4
5。4 X 10‐4

6.6 X 10-2

6.7 X 10-2

4.4 X 10-4
5,4 X 10-4
5,4 X 10-2
1.l X 10-2

6.6 × 10-2

7 . 2 X
5 . 4 X
l . 3 X

l . 3 X

5 . 3 X
5 . 4 X
7 . 4 X

7 . 5 X

5,O X 10-5
5.4 X 10-4
1.2 X 10-2
9.3 X 10-3

2.2 X 10-2

０

０

０

　

０

０

０

０

　

０

　

０

０

０

１

１

１

　

１

　

１

１

１

6 . 3 X
5 . 4 X
5 . 5 X

5 . 5 X

０

０

０

　

０

　

０

０

０

　

０

１

１

１

　

１

　

１

１

１

　

１

"Doses were calculated for total-body, GI-tract,  bone, 1iver,  k idney,
thyroid, 1ung, and skin. The maximum three-organ doses are I isted in this
table. Doses were calcuated for four age groups: adults,  teenagers,
chi ldren, and infants. The highest dose est imates for each age group are'listed. 

The dose estimates for the nearest garden and for the nearest cow
and garden locat ions are for chi ldren. The dose est imates for the nearest
mi lk goat locat ion are for adults for total-body and for infants for bone
and l i ver .

bThe basis for select ing the special  locat ions is descr ibed in Appendix W.
The actual Iocat ' ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi lk goat = I .02 mi les north, and nearest cow and garden
= 1 .05  mi les  eas t .
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Table 8.68. Dose Est imates to the Maximum Exposed Individual
Caused by_Breaching a package Containing

Trash Mi r ron  Insu la t ion

Location
Dos。 (mrem)a

Pathway Total‐8ody        8one L iver

e`3:'8:nb

Neanest cow
and garden

Inhal at i  on
Ground Shine
Vegetable Use

Total

Inhal at i  on
Ground Shine
Goat l { i lk Use

Total

Inhal at i  on
Ground Shine
Vegetable Use
Cow l ' l i lk Use

Total

1 . 4 X
l . 6 X
3 . 8 X

4 . 0 ×

2 . 2 X
l . 6 X
2 . 8 X

3 . O X

1 . 9 ×
1 . 6 ×
1 . 6 X

l , 6 X

2 . l X
l . 6 X
3 . 6 ×

3 . 8 X

l . 6 ×
1 , 6 X
2 . 2 ×

2 . 2 X

１０

１０

１０

　

１０

　

１０

・０

・０

　

・０

０

０

０

　

０

１

１

１

　

１

・０
．

・０
．

・０
．

　

・０
．

　

１０
．

・０
。

・０
．

　

１０
．

Nearest
mi I k goat

9.8 X 10-5
1.6 X 10-3
3.8 X 10-2
6.O X 10-3

4.6 X 10-2

'Doses were calculated.for total-body, GI-tract,  bone, 1iver,  k idney,
thyroid,_lung, and skin. The maximum three-or lan doies are' l isted in this

1.5 X 10-4
1.6 X 10‐ 3

3.6 X 10-2
2.7 X 10-2

6.5 X 10-2

table. Doses were calcuated for four age groufs: adults,  teenagers,
chi ldren,_and infants. The highest oosE ei t imbtes for eaih ug" group are
listed. The dose estinates foF the nearest garden and for the nearest cow
and.garden locat ions are for chi ldren. The dose est imates for the nearest,
mi l .k_goat locat ion are for adults for total-body and for infants for bone
and I  iver.

bThe basis for select ing the special  locat ions is descr ibed in Appendix w.
The actual locat ions-are: .nelrest garden = r .05 mi les east-nort 'heast,
nearest mi lk goat = L.02 mi les north, and nearest cow and garden= 1 .05  mi les  eas t .

8.l X 10‐ 4

1.6 X 10‐3

1.9 X 10-1

1.9 X 10-1

1.3 × 10‐3

1.6 X 10‐3

1.6 × 10-1
3.3 X 10-2

2,O X 10-1
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Table 8.69. Dose Est imates for the Maximum Exposed Individual
Caused by Breaching a Package Containing Incinerator Ash

Locati on
t)ose (mrem)a

Pathway Total‐ Body Bone Li ver

Ne3:;8:nbI nhal ati on
Ground Shine
Vegetable Use

Total

Inha la t ion
Ground Shine
Goat  Mi lk  Use

Total

I  nhal at i  on
Ground Sh ine
Vegetable Use
Cow Mi lk  Use

Total

9.6 × 10‐6

1,l X 10。 4

2.5 X 10。 3

2,6 X 10。 3

1.5 X 10-5

1.l X 10-4
1.9 X 10-3

2.0 × 10-3

6.6 × 10。6

1.l X 10‐ 4

2,5 X 10-3

4.l X 10-4

3.0 × 10'3

1.3 X 10-4

1.l X 10‐ 4

1.l X 10-2

1.1 × 10‐2

5。4 × 10-5

1.l X 10-4
1.3 X 10-2

1.3 X 10‐ 2

8.7 X 10-5

1.1 × 10-4
1.l X 10-2

2.2 X 10-3

1.3 × 10-2

1.5 X 10‐ 5

1.l X 10‐4

2.5 X 10-3

2.6 X 10-3

1.l X 10‐ 5

1.1 × 10‐4

1.5 X 10-2

1.5 X 10-2

1.O X 10-5
1.l X 10‐4

2.5 × 10-3
1.9 X 10-3

4.5 X 10-3

Nearest
mi lk  goat

Nearest cow
and garden

tDoses were calculated for total-body, GI-tract,  bone, l iver,  k idney,
thyroid, lung, and skin. The maximum three-organ doses are l isted in this
table. Doses were calcuated for four age groups: adults,  teenagers,
chi ldren, and infants. The highest dose est imates for each age group are
l isted. The dose est imates for the nearest garden and for the nearest cow
and garden locat ions are for chi ' ldren. The dose est imates for the nearest
mi lk goat locat ion are for adults for total-body and for infants for bone
and 1  iver .

bThe basis for select ing the special  locat ions is t lescr ibed in Appendix vl .
The actual Iocat ions are: nearest garden = 1.05 mi les east-northeast,
nearest mi lk goat = 7.02 mi les north, and nearest cow and garden
=  1 . 0 5  m i l e s  e a s t .
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Table 8.70. Cost Est imates for So' l id Mater ials Processing
, . ,  ( thousands of dol lars)

l{aste Typrr Best Case Uorst Case

Trash 
ir j

Contaminated equipment

Irradiated hardware

Total

alncludes major capital  cost for compactor of $180,000.
h- Includes major capital  cost for compact ion and incinerat ion
fac1lSt村es of S5,780,000.

8.4  FUEL ASLEMBLIES AND CORE DEBRIS

催 e : h s e : !樹 群 腔 鞘 帯 ちf背景ぱ :景ic選 ギ
?:ぽ

相 f鵡 t慰 拙 路 樹 瑞 鮮 瑞
moved from the reactor buSlding to the AFH8 for temporary storage.

The charactertstics cf the remo↓ ed fuel and debris, the alternatives considered for their packag‐
ing and handling, and the envヽ ronmental impscts of these operations are considered in this section.

8。4.l  Status and Speclfic Conslderatヽ ons

8,4,1,l  Efforts and Practices to Date

As was previously dtscussed, reactor defuel,rig, and thus fuel canning (placement in transfer
containers)and transfer, is not expected to begitⅢ  until 1983.

The prlmary effort to date has consisted of scoping studies assessing the potential status of the
fuel and available options for packaging and handling the fue1 3fter removal from the reactor.
The AllSed― Ceneral Nuclear Services study of September 1980 1s the basis for a number of the
optiOns discussed herein and should be referred to for specific detaギ ls,8

8.4.1.2  Projected Requlrements

The TMI‐2 core, as loaded, contained 177 fuel assemblヽ es.  Each assembly was about 8.5 1nches
square and 170 inches long.  It is uncertain what the condition of the fuel wヽ 1l be when removed
from the reactor vessel; the staff assumes that the fuel w11l be in any one of three configura―
tions as follows:

・
    t骨:旦:::[‖‖キi::i but in S°me casos weakened, and probably bowed in the upper regions of

・
描喘鵠業品部機1断1ず韻縄 常

l assemtties fused to each other such that they
lヽ o r  t o  p l a c e m e n t  in transfer containe rs (cans).

・
紹斜戦略;岳

~:需
:ii:iSP揺ぷ比認瑞11様

13苗Vely large pieces that can be mechttcanly
ave to be vacuumed and filtered prior to canning.

:iniit↑:需:iSal常 と!:| ::::fn]ti半: キIRせiybih]忌
d:h:°

f8:ik品辛ilal:q‖キ‖」
1:al‖

in3at:ep!:v]::V:。|::|キ千を景t
and structural integrity and to prevent spread of contaminatヽ on during the steps involved in

onsite storage and handllng.

5504
50
20

720

5900b
150
80

7130



苦腎TTf■f
｀  ・ j車

― ~二 五 _二 と 二 =     ‐
   工 ・i五 二 _キ と い 五 二 … と ヽ は 意 ふ ふ と と 由                    ―

― `ゆ ど 一 本 r =一 ― ― ― ― r = _ 一 ― ― 一 '一

|1                             8-76
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1品
01curred 辞子月孝r to removal from the reactor.  This fuel will have low thermal decay heat levels.
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品aF温 協 繊 輪隅酬 陥 船have to be conservativeiy handled, even if they a
contattner upon defuelSng.

8.4.2  AlterRatiVe Methods Considered

The alternatives considered for packaging and handling (transfer to storage)of the fuel, based
on its condition, are described below.

8.4.2.l  lntact Fuel Assemblics

F普ili景雅 鴨 ど品 デ禄 il活1甘と1暑lttn3°と:|'bg鴨 1品 警 格 淵 甘;:縦

tttu]1名
品 だ韻 鎌 せ志 f甘|とcuy

to pool stOrage without prior canning.

Intact elements that are structurally weakened, and possibly perforated in the upper region of
the assembly, will requtre cattning immediately upon defueling.  The can would provide both ver‐
tical and lateral support of the fue1 8SSembly as it is being moved to the AFMB and prevent
spread of radloactive contamlnation.

Because it may not be possible to determine structural soundnoss of the assembly upon removal
frO冊 the reactor vessel, lt may be necessary to can all units,

There are two alternative routes for transfer of the fuel from the reacto・  `b311lding to the AFHB.
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ing specialヽ zed transfer packages and equipment and entails greater operational complexity.  It
therefore would be appropriate only 'f canned fuel assemblies (o, Section3)Were Of larger dimon―
s oヽns than could traverse the fuel transfer tube.

Interim wet storage in the spent fuel storage pool pending packaging and offsite dヽ sposal is

早‖t i再品
a : i : l a t t F  I摺

よさ苦化i品1 3謎8と: : ]辛i e i特f鮭樹品帯習ど品斎F°
t h e r  t t t e m a t t v e  f o r

8.4.2.2  Fused Sectlons

Where the fuel assemblies (or Sectlons)aV｀ e fused together in a configuratlon that does noi fit

into the can used for intact assemblies, the following alternatSves are available upon removal of
the fuel from the reactori

・    Use of a larger transporter can or Hbucket・
・ for the fused sections and route the can

through the containment hatch (soe Sec, 8.4.2.1).

・
普R:h青‖をfalttsSf骨]:輪替嗣∬キ′だ慌

S int°Secttons sm引l enough to be loaded into
l upender through the fuel transfer tube.

InterStt storage alternatives are the same tis for intact assembltes.
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8 . 4 . 2 . 3  C o n e  D e b r i s

The handl ing and packaging of the core debris potent ial ly wi l l  require the greatest use of auxi l -
liary equipment and the maximum number of operational steps. The remote removal of fuel debrjs
frol  the core and loading into a transporter-can is expectbd to be done in two steps as fol lows:1

'  l , lechanical  tongs wi l l  be used to remove the larger pieces and place them in a container
act ing as a receiving "bucket ' r .

'  A vacuuming system wi l l  be used to remove the smal l  pieces and fuel f ines, f i l ter,  and
segregate the pieces by size. These pieces wi l l  then be canned in the same manner as
the larger ones.

8 .4 .3  Deta i l s  o f  t le thods  and Fac i l i t ies

115]継
el世
‖:8n譜!獣:::‖景:tttS桃品珊 名『硫鯖監摺私船マ2月札禄艦や横も株智

'総
竜

accldent is 耐 lnlmlzed.

The followttng design and operational considerations will govern the implementat,on of any packag‐

ing and handling alternatives:

t   o    ldeally, a single can (tranSfer container)dOSign wi1l be developed for all pro3ected
uses.  This can would be sized to handle a range of fuel fomponent sizes and a150 fit
in the interim storage racks and potential shSpping casks,  The can will be designed to

prevent the occurrence of criticality.

・    The fuel can will be designed to be compatible with the storage pool water, lf this
interim storage alternative is selected.  Containment to prevent dispersion oす  radio―
activity will be ensured.

・    Special procedures will be developed for fuel handling and packaging because of the
uniqueness of the TMI。 2 situation.  Paramount will be the need to ensure that con―
taminatlon dces 田 ot spread during handling and canning operations.  Regulatory review
and approval of these procedures will be obtained.

8.4.3.ユ  Intact Fuel AsseΠ blies

The likely approach for packaging and handling the intact fue1 3SSemblies would be to place the
assettbltes dlrectly into a fuel can upon removal from the reactor vessel, route the canned fue]
through the fuel transfer tube, and provide ギ nterim storage in the spent fuel pool.

Following interim storage in racks in the spent fuel pool, the fuel cans will be loaded into a
とWR spent fuel shipping cask for offsite transport for storage and/or reprocessing and, ul ti―
mately, disposal.  These options are discussed in Section 9.  A separate shipping container may
be required as an addStional containment barrier within the cask for offsite shipment.

8。4.3.2  Fused Sections

ln the case of the fused sections, both (1)the use of larger fttel cans that would be routed
outside cf the reactor building and (2)the alternative of mechanically separating the fused
sections to pernit use of the smaller fuel cans that can be routed through the fuel transfer tube
are feattible alternatives that must be considered until design and operational studies are com‐

pleted.

After removal to the interim storage arett, the handling procedures for cans containing fused
sections will be the same as for the intact assemblies.

8.4.3.3  Core Debris

Remote handllng of the core debris, etther by use of mechanicatt tongs for larger pteces or a
・・vacuum.' system for the small pieces, is the likely approach,  After the debris are lo8ded into
the fuel can, the can wSll be routed thrt〕 ugh the fuel transfer tube for interim storage in the
AFHB.
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8.4.4 Eff ' luents and Releases to the Environment

The nature and impacts of the releases to the environment that could occur during the packaging
and handl ing operat ions have been covered in the discussion under core defuel ing (Sec.6.4).

8.4.5 Envinonmental  Impacts

Occupat ional doses to workers involved in the packaging and handl ing operat ions and offs i te doses
to the populat ion are treated as components of the core defuel ing impacts (Sec. 6.4.5).

8.4.6 Economic Costs

Capital  and operat ing costs for the packaging and handl ing operat ions are included as part  of  the
core  de fue l ing  cos ts  (Sec .  6 .4 .6 ) .

Reference--Sect ion 8

1. Amendment No. 10 to License No. 0PR-73, U.S. Nuclear Regulatory Conmission, March 12, 1980.

2. Letter f rom J.F. Ahearn, U.S. Nuclear Regulatory Commission to H. Dieckamp, General  Publ ic
Uti l i t ies Corporat ion, January 12, 1981.

' rData Handout -  TMI-2' |  as avai lable to the TMI t lorking Group meeting held at TMI, Midd' letown,
PA, Septenber 23, 1980.

Memorandum from T.L. Gi lbert  to l . l .K. Lehto, Angonne Nationa' l  Laboratory, Subject:  AFHB
Sludge Volumes and Act iv i t ies. December 9, 1980.

Letter f rom | ' l .J.  0ircks, U.S. Nuclear Regulatory Commission to C. l '1.  Bateman, U.S. Dept.  of
Energy, Januany 7, 1981.

f 'Future EPIC0R II  0perat ion,rr  Letter f rom G.K. Hovey of Metropol i tan Edison Company - f4l-2
to Tlil l Program Office, January 13, 1981.

"EPIC0R I I  Res in  So l id i f i ca t ion  Procurement  Spec i f i ca t ion , "  Le t te r  (TLL 545)  f rom G.K.  Hovey
of Metropolitan Edison Company - I]41'2 to TMI Program 0ffice, November 17, 1980.

8 .  "Scop ing  Stud ies  o f  the  A l te rna t ive  0p t ions  fo r  Defue l ing ,  Packag ing ,  Sh ipp ing ,  and D is -
posing of the TMI-2 Spent Fuel Core," Al l ied-General  Nuclear Services, AGNS-35900-1.5-79,
September 1980.

3.

4.

5.

6.

7.
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8.4.4 Eff ' luents and Releases to the Environment

Thゃ nature and impacts of the releases to the envlronment that could occur during the packagヽ ng
and hlndlittg operatiO,s have been covered ttn the discussisn under core defueling (Sec. 6.4).

8.4.5  Environmental lmpacts

OccuPatギonal doses to workers involved in the packaging and handling ope■ at,ons and offsite doseS
to the pOpulatlon are treated as components of tho core defueling impacts (SeC. 6.4.5).

8:4.6  Economlc Costs

Capital  and operat ing costs for the packaging and handl i r ig operat{otrs are jncluded as part  cf  the
core  de fue l ing  cos ts  (Sec .  6 .4 .6 ) .

Ref e renc -. - - qect i on_q

1. Amendment No. 10 to License No. DPR-73, U.S. Nuclear Regulatory Commiss, ion, March 12,1980.

2. l -et ter f rom J.F. Ahearn, U.S. Nuclear Regulatory Commissjon tc H. Dieckamp, General  Publ jc
Uti l i t ies Corporat ion, January 12, 1981.

3. "Data Handout -  TMI-2" as avai lable to the TMI Working Group meeting held at TMI, Middletown,
IA, September 23, 1980.

Memorandum from T.L. Gi lbert  to W.K. Lehto, Argonne National Laboratory, Subject:  AFHB
Sludge Volumes and Act jv i t ies, December 9, 1-980.

Letter f rom l{ .J.  Dircks, U.S. Nuclear Regulatory Conmission to C.tJ.  Bateman, U.S. Dept.  of
Energy, January 7, 1981.

f 'Future EPICOR II  0perat ion,I  Letter f rom G.K. Hovey of Metropol i tan Edison Company - Tl4I-2
to TMI Program 0ffice, January 13, 1981.

IEPIC0f i  I I  Res in  So l id i f i ca t ion  Procurement  Spec i f i ca t ion , r r  Le t te r  (TL t .545)  f rom G.K.  Hovey
of ttletropolitan Edison Company - Tl4I-2 to TMI Program Office, November 17, 1980.

"Scop ing  Stud ies  o f  the  A l te rna t ive  0p t ions  fo r  Defue l ing ,  Packag ing ,  Sh ipp ing ,  and D is -
posing of the TMI-2 Spent Fuel Core," A' l l ied-General  Nuclear Serv' ices, AGNS-35900-1.5-79,
September 1980.

4.

5.

6.

7.

8.



9. STORAGE, TRATISPORTATION, AT{D DISPOSAL OF FUEL AND SOLID }'ASTE

The waste management activities of onsite storage of the packages of TilI-2 waste and spent fue'l
and the alternative offsite transportation of, the waste and fuel to storage or disposal facil-
ities are discussed in this section. The purposes of this section are to:

.,.., ' ' Oescribe the waste nanagement activities conducted to date at the Tl,lI site subsequent
, ,. ' to the accident.

' Provide estimates of the quantities of each type of waste package and numbers of waste
shipments (shielded and unshielded).

' Discuss the regulatory and technical constnaints on the waste storage, transportation,
and disposal operat ions.

' Define the range of alternative approaches for the waste storage, transportation, and
disposal opt ions; ident i fy the viable al ternat ives; and provide the detai ls of  the
sel ected al ternatives.

' Describe the effluents and releases to the environment from storage, transportation,
and disposal act iv i t ies.

' Detennine the environnental impacts and occupational radiation doses under both normal
and accident condit ions for these act iv i t ies.

9.1 CURREI{T STATUS A}ID APPLICABLE CONSTRAINTS

9.1.1 tJaste l{anagement Activities to Date

Cumerrt waste management activities involve handling radioactive waste that has been produced in
decontamination and other cleanup activities at TilI-2. No significant environmental impacts have
been identified for the current phase of the operations. Shipment of wastes for disposal has
beeri by truck to the commercial low-level-waste disposal facility near Richland, lJashington.
l{astes shipped to date, consisting of compacted waste in drums and cleanup materials in wooden
boxes, have been contaminated with 'low levels of radioactivity. As of February 5, 1981,
2013 drums and 273 LSA boxes of low-level waste had been transferred off the is'land in 36 truck
shipments.

An inter im storage faci l i ty at  the Unit  2 cool ing tower desi l t ing basin has been constructed to
store wastes such as the resin bed liners from the EPIC0R II system until these wastes can be
processed, as necessary, and shipped for disposal.  The inter im storage faci ' l i ty present ly
consists of two modules, with space avai lable for up to six modules. Each,,rodule has 60 cel ls,
and each cel l  can hold two of the 4-f t  x 4-f t  resin bed l iners or one 6-f t  x 6-f t  l iner.

In addit ion, a tenporary radwaste surface faci l i ty is located in this general  area (see Fig. 1.3).

9.1.2 l{astd Package and Shipment Parametelg

In Sections 5 through 8, the volumes of each type of waste generated from the accident cleanup
and decontamination operations have been ,estimated. In addition, best-case (minimum number of
packages) and worst-case (maximum number ,of packages) estimates have been made of the number of
packages that will be required for each waste form. In this section the totals of each t3'pe of
package are provided for all the waste tor be shipped from Tl{I-2 under best-case and w;-st-case
conditions. The number of shipments of each type of package are then projected.

9-■
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The regulatory and technical constraints that influence the shipment parameters are discussed itl
Section 9.1.3: Shipment of any radioactive material must comp'ly with regulations on external
dose rate. Shieldihg is generally not necessary to meet these regulations for truckloads of
dnums or boxes of low-activity waste material, but it is necessary for higher-activity wastes
such as ion-exchange materials (dewatered or solidified) and damaged irradiated fuel. For pur-
poses of estimating numbers of shipments when shielded casks or overpacks are used, the shipments
ir i t t  Ue cal led str ietAea shipmentsj  when such shielded casks or overpacks are not used, the ship-
ments wi l l  be cal led unshielded shipments. The number of unshielded packages ( in the form of
55-gal lon drums and low-specif ic-aci iv i ty,  LSA, boxes) and the number of unshielded waste ship-
ments for each of these categories of waste are listed in Table 9.1 for best and worst cases.
The surmary in Table 9.1 was compiled from the information in Section 8. The waste in drums
includes compacted trash and inmobi l ized decontaminat ion l iquids of low specif ic act iv i ty.  The
waste packaged in LSA boxes includes noncompactible trash, contaminated equipment, and low
-activity irradiated hardware.

The large quant i ty of packages containing EPICOR II  and zeol i te system l iners, drums containing
other high-specif ic-act iv i ty 'daste, and the fuel  casks wi l l  be shjelded shipments. The total
number of packages of each type and the number of shielded shipments for the best- and worst-case
condit ions are given in Tables 9.2 through 9.5.

Table 9.1.  Estimated Number of unshielded Waste Shipments

Best-Case Condi t ions l{orst-Case Condi t i ons

Type of l{aste
I'lumber of
Packages

Number of
Shipments

Number of
Packages

Number of
Shipments

55-Gallon Drumsa

Trash
Decontamination solutions (AFHB
and reactor bui'lding)
Drum totals

LSA Boxesd

Trash
Contaminated equipment and hardware
Box totals

Total s

5,400b

1,600
8,000

1,025
L7

t,042

13,000c

2,400
15,400

５３

　

・４

６７

　

　

８６

２

８８

108

20

128

155

1,790           149

338            28

2,128           177

305

aBased on surface radiation Ievel distribution with 25 percent of drums at 50 mR/hr, 50 percent
at 100 mR/hr, and 25 percent at 200 mR/hr. Average ioad is about 120 drums per shipment.

bund"" best-case conditions, trash incineration will reduce number of trash drums to 1500.
This wi l l  reduce number of1ow-level t rar;h shipments from 53 to 13. Incinerat ion wi11,
however, produce an additional 480 drums requiring 34 shielded drum shipments.

tunde" Horst-case condit ions, t rash incinerat ion wi l l  reduce number of t rash drums from 13,000
to 3,260. This vr i i l  reduce number of low-level t rash shipments from 108 to 27. Incinerat ion
wi l l ,  however,  produce an addit ional 974 drums requir ing 70 shielded drum shipments.

dBased on surface radiation level distribr,rtion with 25 percent of boxes at 50 mR/hr, 50 percent
at 100 mR/hr, and 25 percent at 200 mR/hrr. Average load is 12 boxes per shipment. Wooden
boxes are assumed, but metal LSA boxes arne a feasible alternative.
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Table 9.3.  Estimated Nuttber of Shttelded Drum Shlpnents

Waste Type and
Drum Surface

Radiation Level

Best-Case Condi t ions l{orst-Case Condi t i ons

Number of   Drums per   NumbeF Of

Drums     Shipment    Shipments

Number of Drums per Number of
Drums Shipment Shipments

Sludge

> 5 R( 20 R/hr
> 20 R く  500 R/hr

lncinerato「  Asha

) ■ R く 2 R/hr

Spent Fヽ lters

> 10 R く  100 R/hr

lmmobllヽ zed
Evaporator Bcttoms

> 2 R( 20 R/hr

22

480

4

6

34

1

０

４

９

　

　

１

１

　

　

０

１

　

　

２

14

41

b/

70■4

５

２

　

　

４

１

２

　

　

７９

29

４

４

　

　

４

１

　

　

　

　

１

1670

Total s

alncinerator ash drums produced i f  t rash incinerat ' ion al ternat ive is implemented. See
footnotes b and c in Table 9.1.

h"Evaporator bottoms are not generated under best-case conditions when the CAN DEC0N
technique is used for primary water system decontamination.

Table 9.4.  Est imated Number of  Miscel laneous Shie lded Shipments

Best-Case Condi t ions Worst-Case Condi t ions

Type of Waste
Number of
Packages

Number of
Shipments

Number of
Packages

Number of
Shipments

Contaminated equipment

l , l i r ror  insulat ion

Core fi I ter

Irradiated hardware

Zeol i te  system f i l ters

Total  s

38

6

15

17

13

6

15

6

40

86

6

105

33

86

6

105

11

208

Table 9.5.  Estlmated Number of Shielded Shipments in Fuel Casks

Best-Cas;e Condi t ions Worst-Case Condi t ions

Type of Shipment
Number

of Casks
Number of
Shipments

Number
of Casks

Number of
Shi pments

Damaged fuel  assembl ies

Core par t icu lates (debr is)

Total s

０

　

６

　

６

５

　

　

　

５

０

　

６

　

６

５

　

　

　

５

７

　

６

　

３

７

　

　

　

　

８

１

　

　

　

　

１

７

　

６

　

３

７

　

　

８

１

　

　

１
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The number of ion-exchange liner shipments under best- and worst-case conditions are surmarized
in Table 9.2. Iotr-exchange mater ial  l iners (10-f tg to 195-f ts) would be shipped in l icensed
shipping casks with a capacity of one Iiner each. The choice of alternatives to process reactor
bui lding sump and pr imary system water discussed in Sect ion 7.1 wi l l  have a signi f icant impact
on the number of liners to be shipperJ of,fsite.

tlaste packaged in S5-gallon drums with surface radiation levels above 200 mR/hr is assumed to be
transported in a shielded shipping overpack. The number of drums that could be generated under
best- and worst-case conditions and the maximum sunface radiation levels for these drums are
given in Table 9.3. Two of the waste forms--accident sludge and spent f i l ter cartr idge
assenblies--will be generated regardless of the alternatives selected. The other waste forms
wil l  be generated only i f  the treatment a' l ternat ive which leads to their  generat ion is imple-
mented.

I f  an incinerator is used for combust ible trash, the number of drums containing compacted trash
shovn in Table 9.1 will be reduced by a factor of 10, but between 480 and 974 drums containing
immobi l ized ash with surface radiat ion levels of up to 2 R/hr wi l l  have to be shipped offs i te in
shielded casks.

If the alkaline permanganate solution is used to decontaminate the primary system, 1670 drums of
immobi l ized evaporator bottoms with surface radiat ion levels of up to 16 R/hr could be generated.
As shovn in Table 9.6, the est imated minimum number of total  shipments is 353 and the maximum
is  997.

9.1.3 Regulatory and Tschnical  Constraints

There are four basic safety requirements that must be met when radioactive materials are
transported:

Adequate containment of the radioact ive mater ial .

Adequate control  of  the radiat ion emit ted by the mater ial .

Safe dissipat ion of heat generated in the process of absorbing the radiat ion.

Prevent ion  o f  nuc lear  c r i t i ca l i t y ,  i .e . ,  p revent ion  o f  the  accumula t ion  o f  enough
f iss i le  mater ia l  in  one loca t ion  to  resu l t  in  a  nuc lear  cha in  r .eac t ion .

The t ransportat ion of  radioact ive mater ia ls  wi th in the Uni ted States is  regulated by the Nuc' lear
Regulatory Commission (NRC) and the Oepartment of Transportation (D0T). Part 71 of Tit ' le 10 of
the Code of  Federal  Regulat ions conta ins appl icable NRC ru les and regulat ions.  NRC regulat ions
provide the standards which must be met, rather than attempt to specify how they are to be met.
An example of  the appl icat ion of  th is  basic  concept  is  the fact  that  the regulat ions do not
prohib i t  the shipment  of  any speci f ic  radio isotope as long as the basic  safety s tandards are met .

The Department of Transportation (DOT), under the Department of Transportation Act of 1966, the
Transportat ion of  Explos ives Act ,  the Dangerous Cargo Act ,  the Federal  Avjat jon Act  of  1958,  and
the Transportation Safety Act of 1974, has regulatory responsibil i ty for safety in transporta-
t ion.  The 00T regulat ions governing carr iage of  radioact jve mater ia ls  by ra i l  and by common,
contract ,  or  pr ivate carr iers by publ ic  h ighway (e.9. ,  t ruck)  are found in 49 CFR Parts  170-189.
The DOT regulat ions governing packaging of  radioact ive mater ia ls ,  which are consistent  wi th the
NRC regulat ions,  are found in 49 CFR Parts  173 and 178.

9 . 1 . 3 . 1  P a c k a g i n g

Appl  icable Regul  at ions

Packaging for  radioact ive mater ia ls  is  determined by the amount ,  k ind,  and physical  form of  the
radioactive material to be transported.

In def in ing the packaging standards and the package content  l imi ts ,  the consequences of  loss of
conta inment  must  be considered.  In  the ev 'ent  of  radioact ive mater ia l  re lease,  a hazard to t rans-
por t  wonkers and to the general  publ ic  ex is ts  because of  the external  radiat ion emit ted f rom the
exposed radionucl ides and the of ten more ser ious problem of  in take in to the body,  par t icu lar ly
through ingest ion or  inhalat ion.  The radi ,otox ic i ty  hazards of  radionucl ides vary by e ight  orders

１

　

　

２

３

　

４
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Table 9.6. Summary of Estimated Number of Shipments

Type of bJaste
Best-Case
Condi ti ons

Worst-Case
Condi t ions

Low-level sol ids

Drums - trash

LSA boxes - trash

LSA boxes - equipment and
hardware

LSA boxes - nirror insulat ion

Immobi I ized decontamination
1 iqu ids

Unshielded drums

Shielded drums (evap. bottoms)

Shielded ion-exchange mater ial  s

AFHB water

Reactor building sump water

RCS accident water

RCS f lush and drain water

RCS decontaminat ion solut ions

Shielded drums

Accident sludge

Spent f i l ters

Incinerator ash

Misce l  laneous sh ie lded
shi pments

Contami nated equipment

Itli rror i nsul ati on

Core f i l ters

Irradiated hardware

Zeol i te system f i l ters

Damaged fuel assemblies (and
core debris)

Total s

134

86

2

15c

14

None

59

8

3

3

2

5

1

344

':o

6

15

6

55

353

108

149

28b

20

119

69

33

13

49

6

86C

6

105

11

183

997

７

　

５

　

“

aBest  case for  t rash drums inc ludes generat ion of  34 shie lded inc jnerator
ash drums.

bContaminated equipment  can be par :kaged in unshie lded 80 f ts  LSA boxes
(wors t - case  cond i t i ons )  o r  sh ie l r l ed  70  f t 3  l i ne rs  (bes t - case  cond i t i ons ) .

tMi""or  insulat ion can be packagerC in unshie lded 80 f ts  LSA boxes (best-case
cond i t i ons )  on  sh ie lded  70  f t s  l i ne rs  (wo rs t - case  cond i t i ons ) .
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of magnStude.  Standards have been developed that take into account the tox:clty 6f each radio―

:謎i鵠綿縄買猛1憚瑠齢 ば緊謂
°
縛ざ盟試隠溢揮謙号計Ai齢群群

成
and in 49 CFR Part 173.390.

Radioisotope quantSty llmits are established for each transport group, in order of increasing

quantity, as lヽ mlted quantity, Type A, Type 8, and large quantity.  These quantギ ty llmlts then

establSsh the use of eSther Type A, Type S, Or lowospecifttc actttvity (LSA) packaging.  These
categorles are further defSned as:

・
     兇 N噂 掛

)総札譜名無]li私:[i3ep科:盟樹ゴ乳辞明ξ甘
・

‐        they are destgned to more stringent standards and are considerably more acctdent FeSiS~
tant than Type A Packages.  Type A and Type B packages are both NRC‐ certifted based on

testing and design data submttted to the NRC.

Type A packages, ln addition to havギ ng adequate radttatうon shielding, are designed to
wttthstand normal transportation condittons.  LimitatSons on Type A Package contents are
such that an intake of one― m111うonth of the maximum allowable package contents would
not result in a radttatton dose tc any organ of the body exceeding interntttionally
accepted l:冊itS nOr a radiation dose greater than l rem/hr at 10 ft from the unshielded
contents.

Type B packages often must be heavily shielded and are designed, basod on testing and
engineering analysヽ s, to withstand severe acctdent conditions as well as normal condi―
tions.  These packages would be expected to survive a severe accident without any
significant release of their contents.  In spite of the demonstrated integrity of
Type 8 Packages, to be conservative, 30me Of the accldent scenarlos consldered in this
statement lnclude FeleaSes fron Type B packages.

・
      T群 選s.瑞ずP路fl騰、ふ

e謀
とka3♀‖3ai:ele林尉謎せd島繰札群私

quantitヽ es of LSA materials moved tn exclusive use vehlcies.

Avallable Packages

Shipments of wastes requtring shielded Type A or Type B packages will be made using ava1lable

certSfted shielded caskse  Waste containers have been designed to fit into these existing casks.

The llmtted number of avaSlable casks, however, may constrain waste shipment schedules.  The

purchase or lease of additional casks, which is being considered, would alleviate this situation.

9,■.3.2  Transportation

Appltcable RegulatSons

Adequate control of the radiation is requSred when transporting radioactSve material.  To meet

the radiation control limits, the shipper must often provSde necessary shielding as an integral

component of the packaging of the material.

8ecause TttI… 2 waste and fuel shipments will be consigned foF S01e use, the following dose llmlts

specified in 49 CFR Part 173,393(5)apply:

1. 1,000 mrem/hr at 3 ft from the external surface of the package (closed transport vehi-
c le  on ly ) ;

2. 200 mrem/hr at any point on the external surface of the car or vehicle (closed trans-
port  vehicle only);

3. 10 mrem/hr at any point 6 fll from the vehic'le planes projected by the outer lateral
surface of the car or vehic ' le;  or i f  the load is transported jn an open transport
vehicle, at any point 6 ft ' lrom the vertical planes projected from the outer edges of
the vehicle.



9-8

4. 2 mrem/hr in any.normal ly occupied posit ion in the car or vehicle,  except that this
provision does not apply to private motor camiers.

Based on these constraints, certain portions of the Tlrll-2 waste material can
unshielded packages; .others.wi l l  require shielded packages. Vehicles carrying
will be placarded and marked in conformance with DbT re[uirements.

Shippi ns !g!nf i gurati ons

提鞘猟響幣静鑑晶挿辮l∬撤鞘撤猫端協品ご柵r
conforn to radicactive material regulations, as well as transportation regulations.

督 景畿 |口 ぐ ぬ 搬    艦 ∬
waste.

ョl drums or w00den boxes,  Materials such as
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部路幣」紺8襴 n品謡薔特e胡稚鴨培が f雄 酷鮮tatlon ang in transPortation accidents.
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the TMI-2 waste are presented in Table 9.7.

i‖:督堅路堤盟買雛幡盟酷路齢盤瑞辞甲堀智よ争F帯瑠器結糧shw
ilable shipping casks.        イ

be shipped in
the waste packages

Table 9.7.  Character is t ics of  Disposable Conta iners

Type of
Contai ner Diameter  HeSght

I nternal
Volume (f ts)

Waste
Capacity (ft3)

55-gallon drum

10_ft3 1iner

50‐ft3 1iner
75-ft3 1、 ner
80‐ft3 1iner

180‐ft3 1iner

i:景
‐
::景bliner

2  X  3

2  ×  4 . 5

4  X  4
4 . 5  × 5 . 5
5 . 5  X  5 . 5

6  X  6

6 . 5  X  6 . 5

C/

7.35

10
44
75

80

175

195

81

7

8-10

40
70
75

165

180

80

aD = d iameter ;  H = height .
bUnsh ie lded  con f i gu ra t i ons  on l y ,  a l l  o the rs  a re  compa t i b l e  w i t h  sh ie lded  sh ipmen t .
CLSA box is  3 f t  x  4 f t  x  6.5 f t .
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Table 9.8.  Unshielded Shipping ConfiguratSons

Radiat ion Level
At Container Surface

Shioment Waste Caoacitv (ft3)

ss-lellplDfqos LSA Boxes
Volume Number Volume Number

０

　

０

４

　

４

卜
声
…
…
―
ト
ト
ト
Ｌ！！〓
卜
豚
質
ｇ
魯

―
……卜

・，

　

ト
ト

Ｆ

Ｉ

ド

に

ト

ト

ト

ト

ｒ

ト

ト

＝

ト

ト

ト

ー

ト

ト

ト

■

卜

■

ｌ

ｉ
…

■

ト

ト

ー

ト

ｒ

■

１

■

ｒ

ユ

計

こ

チ

ユ‥
ユ

許

争

卦

汁

静

子

許

チ

50 mR/hr

50 to 100 mR/hr

100 to 200 mR/hr

840

630

350

120

90

50

960

720

480

２

　

９

　

６

１

Table 9.9.  Sh村 elded Shipplng Configurations

Radiat ion Level
At Container Sunface

To

To

To

To

To

To

130

98

98

49

28

14

l R/hr

10 R/hr

20 R/hr

100 R/hr

l,000 R/hr

10,000 R/hr

200

L70

L70

to 75c

to 75c

20
aPart ial  l ist  of  containers used.
bDiuid" by 7 to obtain number of drums.
cTwo di f ferent-sized disposable containers.

Shippins Meltrqds

Shipments by truck and intermodal rai l  and truck are al ternat ives for the transport  of  TMI
wastes. Final select ion may depend on the choice of the disposal s i te.  Trucks can depart  f rom
THI and go direct ly to any of the potent ial  storage or disposal locat ions. Whi le raj l road faci l -
i t ies are avai lab1e on the TMI si te,  there are no rai l  faci l i t ies at a number of the potent ial
storage and disposal s i tes. For example, t .he nearest rai l road to the Beatty,  Nevada, disposal
si te is about 115 mi ' les away in Las Vegas, Nevada. There is a raj l  s iding on the Hanford si te
about one mile from the commercial  disposal s i te.  Unless this siding is extended to the disposal
si te,  a transfer by truck would be r iecessary. Special  arrangements for unloading rai l  cars using
Hanford si te faci l i t ies would have to be made with 00E.

In  i ,dd i t ion ,  ava i lab i l i t y  o f  sh ie lded ra i l  casks  is  l im i ted ;  there  are  cons t ra in ts  imposed on
rai l  shipments that create logist ics problerms and increase shipment durat ion; and intermodal
shipments may involve higher exposure levels to handlers than for s ingle mode shipments because
of the transfers required.

Therefore, t ruck shipment from TMI to the treatment,  storage, or disposal ' locat ions 
is considered

to be the most l ikely mode of shipment for the major i ty of the TMI-2 waste. The projected trans-
port  routes are discussed in Sect ion 3.2, and the impact analyses in Sect ion 9.4 are based on the
use of truck shipments for the waste and damaged fuel.

Shi 3、a

55-Gal lon Drums

. ャH a b
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Routttng Conslderations

until recently, the plimary safety measures Sn regulation of radioactギ ve materials transportat:on

ど景::t:8niと31iatloi:CtS:i‖:!予
n191e188i! と:予::モi↓と

ation parameters.  However, the DOT has now
related operatlonal controls for highway transpOri::i甘景

rttflと
el::?| |:81。:::1岳e°品at:||:↑:,aliclud_

ing waste.  These regulltions are revisions to 49 CFR Parts 173 and 177.  NRC approval of FOuting

for spent fuel shSPments is also now required (10 CFR Section 73.37).

In brief, the regulations requfre the following:

. ‐   ・    A geneFal rule would requtre a motor vehicle carrying radioactive material that is
‐         placarded to be operated on a route that presents a risk to the fewest persons, unless

there ギ s nOt any practicable alternative highway route or it is operated on a ・
・
pre―

ferred88 highway.  The motor vehicle would thus have to be operated on a route which

mlnlmlzes transit times, 30 aS tO mlnlmlze exposure.

・
    小  mOre specific rule would require that any motor vehicle transporting a package con‐

taギning a t81arge quantity・
8 。f radicactive materia15 be CPerated on l・ preferred・

』highways

in accordance with a written route plan prepared by the carrier before departure.
Preferred highways would be designated by state agencies based on a policy of an ove‐

rall minimization of lmpacts from normal transportation and from transportation acci‐

dents.  ThSs rule would require use of an interstate urban circumferential, or bypass,

route to avoid cities if available, instead of an interstate through route.

・    Notification to states of Type B shipments.

9.1.3.3  Treatment (OffSSte), StOrage, and/or Disposal

Ava肯labilSty of Faciltties

The potential alternatives for management of TMI waste and fuel include use of offsite treatment,

storage, and dttsposal facilities.  The use of these facilities is dependent on the characteristics
of the waste, the costs and benefits of each alternative, and the capabilittes and availability

of the faCilities for theSr handling.  Other factors, as discussed in the following sections a130
need to be consldered regarding disposltion of these waste forms.

LowoLevel Waste (LLW)

The only offsite alternative considered for Lと W ギs burfal in a shallow land burial site.  Consis―

tent with current LLW management practices, no offsite treatment or storage alternatives are

evaluated for LLW management.

Only three of the six commercial LLW buriFl siteS Currently are operative.  These three are the

sites at Beatty, Nevada; Richland, Washingtoni and Barnwell, South Carolina.  Of these three, the

Barnwell facility ts currently excluded from receiving TMI。 2 accident cleanup wastes by order of

the Governor, and wSthout modificatギ on of tilat exclusion leaves the Beatty and ‖ anford facilities

as the only potential sttes currently avatlable for receipt of LLW from TMI‐ 2.  As a result of an

initSative passed in the State of Washington in November 1980, the Richland facility will not be

::[!ill:d・・[:m;:::マtig」i:3:ii:号を8 81i:lelitti‖fdi:i:i告キeli;]ii士:::ii :i:::nil」告ii:;:苦!i‡:::♀]il:
and Washington have urged the development of reg

country to reduce the need for continuttng long― range shipments of high volumes of wastes to the

sltes ln thelr states.

In December 1980, the Low‐ Level Radioactive Waste Polヽ cy Act was enacted (Congressional Record,

5■6545, December 13, 1980).  ThiS act stateti that each state is responsible for providing for the

availability of disposal capacity for commelPctal low。 level wastes generated within its borders.

The act also allowed states to enter into ct〕 mpacts necessary to provヽ de for the establishment and

operation of regional disposal fac1lities.  These compacts would requヽ re Congresslonal consent

,[3♀:nt:ft:li3:n8:FsCi,a138::ulttr景8tri:|。||:etl:岳 骨fmと,e regiOnal facillties to states within the
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l{hile the Lor-Level Radioactive t{aste Policy Act assigns responsibility to each state for provid-
ing-low-level nadioactive waste disposal capacity, the federal government recognizes a need to
assist  states in deal ing with unigue wastes, such as those wastes which wi l l  iesult  f rom the
Tl l I -2 cleanup, which may not be sui table for normal shal low land disposal.  The act,  however,
emphasizes a need for state authorities to site new disposal facilities or enter into agreemenis
needed to p:ovide for the adequate disposal capacity for the low-level wastes generated within
that state.

Congress also has requested that the D0E, as the lead federal agency for nuclear waste manage-
ment' prepar€: il preliminary assessment pertaining te the development of regiona'lly distribuied
disposal s i tes for LLW. The DOE has est imated that r  to eight addit ional-si tes wit t  Oe needed
within the next ten years and that the Northeast and dwesf sectors of the country are the
regions with the greatest near-term need for disposal laci l i t ies. The establ ishment-of a new LLt ' l
burial site in the state of Pennsylvania to accommodate Tl'lI waste also is an option. Such a
facility would provide a minimal transport distance for the waste shipped from TllI, and also
would permitdisposal to be accomplished in the state where the yaste wii generated. However, no
new land burial  s i tes are in the development stage, and i t  is l ikely that f ive to ten years wi l l
be required before new si tes are avai lab' le.  Thus, ear ly direct shlpment to a new LLl{-disposal
site is not a near-term option.

Another option fon the_disposal of the TtlI-2 LLW is to reopen existing commercial sites cumently'not receiving waste. There ane three sites in this category--Vrfest Valley in New York; l4axey Flats
. in Kentucky; and Sheff ie ' ld in I l l inois.  The Sheff ield ai te has l imitedcapacity,  bul  t t re Lapac-
lty at the other two sites would be sufficient for the TMI-2 LLt{. The Maxey Flaii site curreirily
is constrainerl from r-ece-iving any waste shipments by state legislative ordei, and plans are being
developed for decomnissioning of t ,his faci l i ty.  The lJest Vai ley si te is th6 closbst LLt{  bur iat-
faci l i ty to Tt ' l I -  I t  would, thus, appear to be a technical ly feis ible al ternat ive. However,  the
future disposit ion of this faci l i ty,  as wel l  as other waste management faci l i t ies at West Val ley,
cannot. Itgw Pe pr_oj_ected. Rec,ent Congressional legislation (West Valley Demonstration Project
Act-Public Law 96-368, dated October 1, 1980) has conmitted the DOE to farticipate with New-york
State in-a program to sol idi fy and dispose of the HLt{ stored at the si td,  but t ,he legislat ion has
not resolved the future ut i l izat ion of the buriel  locat ions.

A number of the federal ly (DOE) owned LLI ' I  disposa' l  faci l i t ies also are al ternat ive backup loca-
t ions for disposal of  Tt l I -2 LLI{ waste. The DOE faci l i t ies at Hanford, t {ashington; the Sivannah
River Plant in South Carol ina; and the Idaho t iat ionai Engineering Laboratory i re iui table loca-
t ions with suff ic ient capacity for addit iona! LLU burial . -  Curren-t  DOE pol i iy does not al low for
this option, and the 00E has not indicated that any exception would be made- for TMI-2 waste at
th is  t ime.

Inter im onsite storage of LLt{  packages pr ior to shipment is ant ic ipated, and faci l i t ies are now
under construction or in use for temporary storage of certain of the packages.

Hi gh-Speci f i c-Activi ty VJaste

In the case of the management of the high-specif ic-act iv i ty waste (HSAW), offs i te a' l ternat ives
include the use of faci l i t ies for special  packaging or treat ing the waste, inter im or long-term
storage, and disposal in a range of potent ial  faci ' l i t ies, bounded by disposal in a geol6gic
repository at one extreme and intermediate depth burial at the other.

The capability of both commercial and governmental organizations to undertake the spec'ia1
handl ing'  processing, long-term storage and disposal of  the HSA f i rst-stage ion-exchange wastes
has been considered. There are several  commercial  organizat ions in the fuel  fabr icat ion f ie ld
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that have basic hot-cell units that have been used forthat have basic hot-ce'l l  units that have been used for spent fuel examination, and have the
equipment  and staf f  for  handl ing these types of  radioact ive waste mater ia ls .  However.  none (However,  none of
these cormercial  organizat ions has rout inel ly hand' led the immobi l izaton, long-term storage, or
disposal of  such large quant i t ies ( thousands of cur ies) of long-l ived (30-yeir  hal f- l i fe)- iadio-
nucl ides, nor do they have experience or faci l i t ies for procesi ing such waltes to achjeve a form
suitable for long-term storage or disposal.  0n the other hand, there are commercia' l  f i rms in the
waste handl ing f ie ld. that have experience in handl ing and immobi l izat ion of essent ial ly normal
reactor wastes that do not have the special  faci l j t ies and capabi l i t ies to handle the HSA f i rst-

|

stage vJastes.
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1n‐overview, whlle some of the firms m:ght have facilitギ ls and staff along with some interest in
deVeloping processes for such work, and others m:ght havei business interests in actual waste
lrlmobi lギzation, nonO hasi the required ccinbination of extended availabSlity of Specfal factlities,
specialttzed staff, and waste management business tnterest that woじ ld have to be applied to carry
out such a waste management task.  Thus, due to its special nature and limited application,

adequate co「 lmerCギal capability ギ s not available (and COmlmercfal interest to develop that capa―
bil t`y is not evident)fOr the handling of highospecffic― activity speCtal TMI-2 wastes,

On the other hand, the DOE, through its contractors and laboratories, as a result of efforts to
develop suStable methods for immob1lization and disposal of a wSde variety of government and

coHwnercSal radisactive wastes, appears to haveithe only suitable combination of established

personnelj technologtcal capabヽ 1,tギes, and interests for developing and carrying out such specfal
operatうons for a one― tfme applicatギ onB  Accordingly, in analyzing the alternatives for the handl―
ing, processing, long― term storage or disposal of high‐ specific―activity TMI-2 wastes, conslder‐
atギon of generally capable DOE sltes or facilitSes has been includeda

iti8ilette認 ::in群 溢 t:骨ず 輪 獣株 群 輔 瑞 結 網 路 。‖
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tion 8.1.  The only currently available off5ite treatment faciltties for special processing are

located at federally owned (DOE)siteS, where the TMI waste could be either treated separately or

possibly toningled with the DOE and DOD waste.  However, these facilities currently have not been
made avaキ lable for treatment of TMI。 2 waste because the DOE is concerned that NRC's regulatory
authority would be extended to the entire DOE facility.  The DOE has acknowiedgedi that only its

facilities have the unique technical capabilities (both Staff and equipment) to handle these
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erCial wastes in accordance with the Energy

s where these treatttent processes could be con―
ducted, ff permitted, are as follows:
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S and resins could be fmmobilized and Packaged
: 5011dificat,on facギ lities exist at the waste

calcining plant at the ldaho National Engineering Laboratory and are planned for con―

struction at the Savannah Rヽ ver plant in the late 1980s.  A commercial pilot― plant
high‐level waste processing operation a130 iS 10cated on the nonmi]itary port,On of the

, Hanford Reservation.

Inc inerat ion.  Ef fect ive inc inerat ion of  the combust ib le component  of  the HSAW (res ins)
G-Feaf f i lume and mass could be possib le at  a number of  fac i l i t ies being developed-
fo r  t nea t i ng  h ighe r  spec i f i c  ac t i v i t y  was te .  These  fac i l i t i es  i nc lude  a  con t ro l l ed 'a i r
inc inerator  (CAI)  at  the Los Alamos Scient i f ic  Laboratory used for  t ransuranic waste;  a
CAI uni t  being deve' loped at  the Savannah River  Plant  for  operat ion in  1981;  a cyc lone
inc inerator  being adapted for  TRU wastr  burn ing at  the Mound Labo.atory;  a rota iy  k i ln
product ion un ' i t  a t  the Rqcky Flats Plant  scheduled for  operat ion jn  1981;  and a
slagging pyro lys is  uni t  prbposed for  operat ion in  1986 to t reat  t ransuranic waste at
the Idal ro Nat ional  Engineer i r tg  Laboratory.  In  order  for  these inc inerat ion fac i l i t jes
to be used for  TMi-2 HSAW, systems modi f icat ions would be requi red.

49 id=0 iges t i9n .  Ac id  d iges t ion  o f  combust ib le  o rgan ic -based waste  is  accompl ished a t
the Radfoact ive Acid Digest ion Test Unit  (RADTI) at the Hanford tngineering Development
Laboratory (HEDL). The unit  has been used for low-level waste arrd is being mod' i f ied to
increase i ts capacity.  In addit ion, other modif icat ions might be requ' i red to permit
pnocessing of the HSAW from TMX-2.

-  E lu t ion  and Immobi l i za t ion .  E lu t ion  o f  res ins  and zeo l i tes  to  ob ta in  the  separa ted
f f i d e v e l o p e d a t t h e S a v a n n a h R i v e r P l a n t a n d t h e H a n f o r d f a c i l -
i t ies of the D0E. The work hns been done in processing waste streams current ' ly at
these fac i l i t i es .

Either short-term or long-term storage of the HSAI{ could be carried out at the TMI site or an
offsi te locat ion. However,  further proc:essing at TMI to put these mater ials in a form suitab' le
for_eventual dispo_sal in a luturg repository is not,  in the staff 's opinion, an appropriate
act iv ' i  ty to be performed at Tl , l I  s ince the. l icensee's staff  and industry in general  hive'no
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Offsite Shortet91m storage at DOE s,oragl facilities, at one of the dforement'oned treatment
facヽ11ties (whSch WOuld mintmize transportation and handling)。 r at a final disposal site (pend―

→ng its cOmpletion), 13 a pOtentSal alternatギ ve for the ‖ SAW.

The potontial SDS first‐ stage wastes will be very special tn nature and shou]d most logically be
hahdled lギ ke spent fuel materials.  Accordingly, long・ term storage options for the SDS first―
stage wastes include nuclear poWer plant spent fuel pools Sf excess capacity is avatlable, DOE
facllity spent fuel Pools cr other suStable areasi starage at the shutdoWn commerctal reprocess―
Sng facilities, or an away‐ from口reactor (AFR)storage pool facilfty.  However, AFR facilities do
not currently exist and future locations have not been designated.

Under current policy, DOE storage facilitttes would not be available for TMI waste.  Other insti―
tutiOn31 COnStrattnts on the use of specific storage facilittes include the commitment on the part
of the Federa1 6overnment to the State of ldaho to remove existing transuranic waste stored at
the stte (whttCh Would likely mftigate agattnst any additional HSAW being stored there); the fact
that the DOE facilitttes at the Savannah River Plant and Hanford are in states (South Carolina and
Washttngton)whギ Ch have co「 ll■ercfal LLW disposal sites, and any constraints imposed by these states
on shippttng nighl also apply to waste shギ pments to a DOE fac1lity in the same state.

The alternatlvl, for dttsPosal of the HSAW ド ange from dヽ sposal in a geologic reposilory when one
ts avatlable, which wi1l require an extenderl storage period in a stable form (e.g。 , Vitrified),
to the possible use of intermediate depth buri31 inCOrporating an intruder barrier to prevent
vうolatlon of the coVer integrity for SOme of the lower end of the HSAW.

Although a natSonal program is tn progress to identify snd qualify sites for geologic disposal
facilities tn a vartety of media, specific locations have not yet been identified.  Intermediate
deFth burtal as an alternatギ ve to shallow land burial is currently being developed.  Thギ s tech‐

nique may be a feastble alternative for some of the HSAW.  The DOE plans to demonstrate
l ntermedttate‐depth burlal.  This de,onStration cotild possibly use some of the ‖ SAW, such as the

EPICOR‐ II fir,|。 stage waste.

Fuel

Two 付ndependent assessment54,S haVe been made on the condltion of the TMI-2 core resulting from
the accident.  Although most probable conclusions reached in the two assessments differ as to the
extent of the proseCted damage, both conclude that the temperatures and pressures exPerienced by
the fuel assemolSeS during the accident have sヽgnificantly altered the fuel components to the
extent that they no longer meet specifヽ catギons for reuse.  Lacking specific observatlonal infor―

mat村on, it must be presumed for Planning purposes that the core will include intact fuel assem―

blSes that may haVe undergone some damage and distortion, fused formations of fuel larger Sn

cross sectlon than an indivttdual assembly, and loose debri3.

As Prev付ously discussea, all the tfuel w11l be retrieved from the reactor.  Some Portion all of

the core will be sent to hot cell areas at a designated national laboratory for diagnost,c

eval uation.  Upon completion of the diagnostSc evaluation, the residue of the ex3mined fuel could

be etther added to the waste stream at thc, laboratory for processing as high-level waste, or
treated as descrttbed below for the remainder of the fuel.  The remainder of the fuel would be

packaged for ヽ nterin storage pending finaJ dギ spositlon.  The alternatives available and the

constraints affecting thetr availability arle as follows:

~器
熱剣端器繰子ど皆lllttel就

1鮮
七品

1器
Snダ'障:せ8i塩e恥紺絆者辞

・
鰈 靴

the nat村onal laboratories: or at the storage pools at the shutdown commerctal repro‐
cessSng facilSttes.  As previous‖ y noted, AFR fac1lSties may not be available until
■983‐1984 at the earliesti excess capacity at cther reactor locations is extremely
l mヽited; and DOE facilヽ ties are not avatlable at this time for commercSal use (see,

however, discussう on provid●d above).  In addition, this alternative represents a tem。

porary solution for the fttel disposition, not a final one.
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-    Dry Storage ‐  Another potentSal interim alternative involves plactng the canned TMI-2

!:営i」と:‖.eittrc品鎌温 堤fよ品照
Cdl'°r in a spe首引Ⅲ dettgned spent間

fac1lities of this nature, and the te需::‖占rjhtta[‖:[e8: せ骨]普a::忌辛:|::送n8in30;ギ骨告1°:|:」
positうon.

‐ ―
                                                         1子utth:景dR!i::よ景;i常ia譜指品活活冦luを1:reprocessttng of the fuel to recover t

inmobllization end disposal of the high。 level wastec  Howeveri current national polScy

precluaes the implementation of the reprocessing alternative and, even tf this polfcy

!       were to be changed, commlrfial reprocessing woⅢ ld prObably nat be avaヽ lable until 1990

at the earliest.

For each of the above‐ deecrヽbed alternatSves, final disposal wヽ 1l be in a ge61ogical repos'こ 3ry

whギch wSll be sited, constructed, and operated by the DOE.

9.2  ALTERNATIVE METHODS CONSIDERED

The alternatttves considered for storage, transportation,

packages are dギ scussed in this secttton.

9,2.l  Storage ‐

9.2.1.1  0n51te

and disposal of the Tl' l I-2 waste and fuel

Onsite storage of the waste for an ' inter im period pr ior to shipment is a feasible and necessary
option. Interim storage facilities are now under construction or in use for temporary storage of
certain waste types (see Fig. 9.1).  Inter im storage with sui table monitor ing for cont inued waste
containment ' integri ty permits t imely re;noval of  wastes from shipment staging areas, al lows for
decay of radicnucl ides with short  hal f- l ives, permits cont inuing cleanup operat ions whi le ul t i -
mate disposal strategies are formulated, and provides a buffer for contingencies beyond contro'l
of  the l icensee, such as shipping str ikes, embargoes on certain waste types, or unavai ' labi l i ty of
transport  equipnent (casks),  of fs i te stcrage, or disposal faci ' l i t ies.

Licensee conceptual plans now exist for construction of an interim storage and staging area for
low-level radioact ive wastc including centain of the high-specif ic-act iv i ty wasteb. The faci l i ty
will be sizeo to accommodate about 800 55-gallon drums, 150 wooden boxes, each 4 ft x 3 ft
x 6L ft, and sixty 50-fts evaporator bottom liners. Radiation leve'ls from these waste packages
will range up to about 500 mR/hr. l ' laximum radiation levels at the fence surrounding the storage
faci l i ty wi l l  be less than 0.6 mR/hr.  As a buffer against shipping delays or other problems,
this facility will accomnodate the waste expected t.o bti generated during a six-month period.

As an a'lternative to the interirn storage and staging ei'ea described above, a longer term storage
facility for the various forms of LLW and HSAW cou'ld be considered. Based on current projections
of total  waste volume to be generated in decontaminat ion act iv i t ies, the faci l i t ies would have to
be considerably larger than needed for the six-month stcr 'age area previously descr ibed. Evalua-
t ion  o f  the  feas ib i l i t y  o f  th is  fac i l i t y  wou ld  inc lude r lns idera t ion  o f  the  po ten t ia l  fo r  fa i lu re
of container integri ty dur ing longer term storage. In addit ion, the means for adequately han-
dl ing, shipping, and disposing or stor ing sone of the invoived waste types are avai lable offs i te.

Another potent ial  inter im waste storage al ternat ive is to place the packages in a designated area
in the reactor bui lding. Whi ' le providing a readi ly avai lable shielded storag: faci l i ty of  s igni-
f icant capacity,  this opt ion has a number of drawbacks. I t  would necessitate stor ing the waste
packages in the reactor bui lding whi le both cleanup and fuel removal operat ions were being con-
ducted, requir ing revisions to exist ing plans, potgnt ial  delays in complet ion of these opera-
t ions, and addit ional costs.  In addit ion, package'handl ing capabi l j t ies are l imited at the lower
leve ls  o f  the  bu i ld ing .

Alternatives for handling the damaged irradiated fuel removed fronr the core would be to adapt the
exist ing pool for long-term storage or to construct new onsite faci l i t ies for long-term storage.
These options will not be necessary in the time frame being considered if 

' long-term 
storage

faci l i t ies become avai ' lable offs i te and i f  research and development plans being formulated for
the core components are carried out for the entire core.

力／
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9 . 2 . 1 . ?  0 f f s i t e

Offsi te -storage of the waste for per iods pending a decision as to f inal  disposal is a feasible
opt ion for the HSAI{ that wi l l  be disposed of byother than rout ine shal low' land burial  tech-
niques. 0ffs i te storage may be ut i l ized ei thei  before or after immobi i izat ion of the waste.
Storage at the same locat ion where processing to inrmobi l ize the wastes is carr ied out ur i l l  mini-
mize exposure, due to reduced handling and. trlnsportation.

Offsi te storage at designated storage si tes, at  a treatment faci l i ty,  or at  a si te selected
because_of i ts proximity to a f inal  disposal faci l i ty is a potent iai  al ternat ive for the HSAI{.
The. fol ' lowing are those faci l i ty categories and speci l ic loci t ions that current ly are considered
to be prime candidates for retrievable storage facilities for TMI-2 waste becar]se appropriate
storage capacity is avai lable or is contemplated:

- Commercia- l-nuclear Power plant spent fuel  pools where excess capacity is avai lable. I t
may be di f f icu' l t  to ident i fy such faci l i t ies since the major i i .y of-power plants are
facing a storage capacity prbblem.

- An AFR pool faci l i ty.  As previously noted, AFR faci l i t ies do not cumently exist  and
future locat ions have not been designated at this t ime.

- 
99E-op91at9d storage faci- l i t ies, including those at the Hanford Reservat ion, Savannah
River Plant,  or Idaho National Engineering Laboratory.

-  The storage P99!s ?t the commercial  reprocessing faci l i t ies at West Val ley, New york;
and Monr is ,  I l1 ino is .  In  add i t ion ,  the  Barnwel l ,  South  Caro l ina ,  fac i l i t y  i s  a  po ten-
t ial  s i te,  but has not been l icensed to store nuclear mater ial .  

-

Long-term s_torage o_f that portion of the fue'l not sent to DOE laboratories for diagnostic eva'lu-
at ion is a l ik_e-ly a' l ternat ive unt i l  i t  is determined rrrhether the fuel  y i l l  be placei in a reposi-
tory without f i rst  undergoing reprocessing or whether the fuel  wi l l  be reprocessed and the HLW
produced, then immobi l ized for disposal.  The storage al ternat ives can be categorized as ei ther
wet storage. or dry storage, as follours:

-  Wet (Pool)  Storage --  The avai lable al ternat ive locat ions for storage of the fuel
cannisters are the same as for the HSAbJ.

- Drv gtglagq --  Involves placing the canned TMI-2 fuel  in a storage vau1t,  hot cel1, or
special ly designed spent fuel  caisson.

The durat ion of storage of the fuel  and HSAI{ for f inal  disposit ion in a geologic repository wi l l
depend on_the program to select and to qual i fy a repository,  which current lyJs not expecied to
be_accomplished unt i l  the 1990s. Under present laws these faci l i t jes wi l l  b!  federal ly owned and
NRC l icensed.

9 . 2 . 2  D i s p o s a l

D i f fe ren t  a l te r r ra t i ves  are  ava i lab le  fo r  f ina l  d isposa l  o f  the  low- leve l  was te  and h igh-spec i f i c -
act iv i ty waste generated at TMI-2. The regulatory and inst i tut ional constraints on ihe'avai l -'b i l i t y  o f  '1 isposa1 s i tes  a re  d iscussed in  Sec t ion  9 .1 .3 .3 .

- .2 .2 .1  Low-Leve l -Uaste  D isposa l  A l te rna t ives

The feasible low-level-waste disposal al ternat ive for TMI-2 waste generated in the near term is
l imited to burial  in a shal low land b,ur ial  s i te (at a maximum depth of about 30 f t  below the
trench cover surface) under present pract ice for rout ' ine wastes, the current technological ly
acceptable disposal approach. The pot,ent ial  bur ial  s i tes for wastes that are simi lar" td rout inely
generated wastes are as fol lows:

- 0perat ing commercial  LLI{  bur ial  s i tes -  The si tes at Beatty,  Nevada, Richland, Washing-
ton; and Barnwel l ,  South Car,ol ina.

-  
4 new_ regional LL}J disposa' l  s i te in the Northeast or in Pennsylvania. (A poriod of
inter im storage of the LLI. I  p 'ackages would be required unt i l  suCh a si te is deve' loped.)
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- Currently shutdown commercial burial sites having available capacity--the sites at West
Valley in New York and at Maxey Flats in Kentucky.

- DlE-owned LLll burial sites having available capacity--among the major DOE LLW disposal
'  s i tes, the faci l i t ies at Hanford, Washington; the Savannah River Plant in South

Caro1ina; and the Idaho National Engineering Laboratory could be sui table locat ions.

g.2.2.2 Altennat ives for Disposal of  High-Specif ic-Act iv i ty l laste

The al ternat ives for disposal of  the HSAIJ range from disposal in a geologic repository when one
is avai lable (which wi l l  require that the waste be stored for an exterded period in a stable
form) to the use of intermediate depth burial  incorporat ing an' intruder barr ier ( i .e. ,  layer of
art i f ic ial  mater ial)  to prevent violat ion of the cover integri ty,  depending on the radionucl ide
inventory and specif ic act iv i ty invo' lved.

In the case of disposal in a geologic repository,  al though a nat ional program is in progress to
ident i fy and qual i fy such faci l i t ies in a var iety of media, specif ic locat ions have not yet been
i dent i  f i  ed.

Intermediate depth burial (at a level 50 to 50 ft below the trench cover surface) represents an
altennative for disposa'l of the lower range of the HSAI'J because it provides significantly better
isolat ion from intrusion and disturbance from natural  disasters (e.9.,  f looding) than shal low-
level bur ial  at  s i tes where hydrogeology ensures at least comparable isolat ion from groundwater.
A number of the exist ing commercial  and DOE shal low land burial  s i tes provide sui table hydro-
geology for intermediate depth burial .  Among the potent ial  sui table al ternat ives are:

-  The commercial  bur ial  s i tes at Richland, Washington, and Beatty,  Nevada, would permit
intermediate depth burial  with a remaining djstance in excess of 200 f t  to the nearest
aqui fer.

-  The current ly shutdown burial  s i te at West Val ' ley, New York. The "hul ls" bur ial  area
at this si te has been previously used for bur ial  of  TRU and other HSAW at depths compa-
rable to intermediate depth burial .

-  The 00E burial  s i tes at Hanford, Washington; idaho Nationa' l  Engineering Laboratory; and
Los Alamos are sui table for intermediate depth burial  because of their  hydrogeologic
character i  st i  cs.

9 .2 .2 .3  Fue l  and H igh-Leve l  Waste

Final disposal of  the fuel  and the high-level waste generated from reprocessing the fuel  ( i f
implemented) wi l l  be in a geologic repository which wi l l  be si ted, constructed, and operated by
the DOE.

9.2.3 Transpsllqe:b!en

9.2 .3 .1  Transpor ta t ion  Mode

Truck shipment and combinat jon of t ruck and rai l  are potent ' ia l  opt ions for shipment of the TMI-2
waste and spent fuel  packages. TMI-2 wastes shipped to date have been sent exclusively by truck.

l {hen waste packages are shipped pr imari ly by unshie' lded vehicle direct ly to a commercial  shal low
land burial  s i te,  t ruck transport  is the preferred mode. There are no rai l  faci l i t ies at the
l i ke ly  d isposa l  s i tes ,  and in te rmoda l  ra i l  and  t ruck  sh ipment  wou ld  be  requ i red ' i f  ra i l  sh ipment
from | i l I  is used. Truck shipment also would be the l ikely choice for shipment of the major i ty of
the intermediate- level waste for ej ther immobi l izat ion at a treatment faci ' ! i ty or storage pending
f ina l  d isposa l .  In  th is  ins tance,  sh ie lded veh ic le  sh ipments  may be  requ i red .

Rai l  t ransport  may be preferable jn those cases when shielding needs for certain intermediate-
level waste packages and for i r radiated fuel  cannisters necessitate t ,he use of 1arge, heavy casks
and when off- loading rai l  spurs are avai lable near the storage or disposa' l  locat ion.

Another factor that may inf luence the ser lect ion of rai ' l  or t ruck transport  is the avai ' labi l i ty of
the appropriate types of shielded casks at the t ime shipments are being scheduled.
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9.2.3.2 Transportat ion Routes to Potent ial  Treatment,  Storage, and Disposal Faci l i t ies

The truck transportation route to the alternative treatment, storage, and disposal facilities
that have been' ident i f ied are descrr ibed in this sect ion. These routes, which are the current ly
established "most likely{ routes used by nuclear waste shippers, make use of the federal inter-
state highway system except for short distances near the starting and termination point's, where
local and state roads are used. They ane the routes that the waste shippers use with the
greatest frequency, but are not necessarily the only routes traversed. The final selection of
ihe routes at the t ime of shipment wi l l  involve considerat ion of the requirements of appl icable
00T regulat ions (Sec. 9.1) on rout ing and specif ic constraints imposed by the states and munici-
pal i t ies through which the shipments wi l l  pass.

Routes to iieatment Facilities

The potent ial  locat ions for t reatment of HSAW have been ident i f ied as the DOE faci l i t ies at the
llanford Reservation, the Savannah River Plant, and the Idaho National Engineering Laboratory.
Local routing of truck shipnrents from TMI to the interstate highway system, which is applicable
for shipments to al l  potent ia ' l  locat ions, is shown in Figure 9.2. The complete interstate rout-
ing to Hanford, Savannah River,  and INEL is shown in Figure 9.3. Local rout ing at each of these
loca t ions  is  shown ' in  F igures  9 .+ ,9 . f ,  and 9 .6 ,  respec t ive ly . '

Routgt_lo__.lgffgll!: Storase Faci I i ties

The spec ! f i c  loca t ions  ident i f ied  in  Sec t ion9.2 .1 .2  as  po ten t ia l  in te r im s to rage fac i l i t i es  fo r
the HSA}{ or fuel  include the three DOE faci l i t ies discussed above as possible treatment faci l i -
t jes. The rout ing to the Hanford Reservat ion, Savannah River Plant,  and Idaho Natjonal Engineer-
ing  Labora tory  a re  as  shown in  F igures  9"3  ( in te rs ta te  rou t ing) ,  9 .4 ,9 .5 ,  and 9 .5 ,  respec t ive ly
( loca l  rou t ing) .

In addit ion, the routes to the pool storage at the reprocessing faci l i t ies at l {est Val ley,
New York ;  Barnwel l ,  South  Caro l ina ;  and Momis ,  I l l i no is ,  wh ich  are  a ls .o  poss ib le  s to rage loca-
t ions ,  a re  shown in  F igure  9 .7 .

Routes to.  Disposal Faci l i t ies

For the low level waste, the routes to the commercial  s i tes at Richland, lJashington; Beatty,
Nevada; and Barnwel l ,  South Carol ina, are shown in Figure 9.8. The routes to the shutdown com-
mercial  bur ial  s i tes at West Val ley, New York, und Maxey Flats,  Kentucky, also are shown on this
map. Figures 9.9 through 9.12, respect ively,  shor,v the Iocal rout ing at Beatty,  Earnwel l ,  West
Val ley, and Maxey Flats.  The routes to the DOE burial  s i tes at Hanford, Savannah River,  and INEL
are the same as showrr in Figures 9.3 through 9.6.

Intermediate depth burial of some of the lower range of HSAbJ can be considered at the commercia'l
bur ial  s i tes at Richland and Beatty;  the shutdown sj te at V' lest Val ley; and the DOE s' i tes at
Hanford, INEL, anC Los Alamos. The routes to these faci l i t ies, with the except ion of Los Alamos,
are as shown pre'r iously.  The interstate rout ing to Los Alanos is shown in Figure 9.3, and the
loca l  rou t ing  in  F igure  9 .13 .

9.3 DETAILS OF METHODS AND FACILITIES

9.3 .1  S torage

The onsite storage faci l i t ies current ly in use or under construct ion are needed as an inter im
storage and staging area pr ior to shipment of wastes. The use of of fs i te storage for certain of
the HSATJ or the fuel ,  whi le technical ly and operat ional ' ly feasible, depends on decisions yet to
be made as  to  f ina l  d ispos i t ion  o f  the  mater ia l .  The ava i lab i l i t y  o f  spec i f i c  government  fac i l i -
t ies  a lso  needs to  be  de termined (see d iscuss ion  in  Sec .  9 .1 .3 .3 ) .

The onsite concrete storage faci l i t ies for inter im storage of certain of the HSAI{ (e.9.,
EPIC0R II  spent l iners) are descr ibed in Appendix Q.

Al l  onsi te package-hand' l ing and loading operat ions would be conducted in a manner that ensures
that occupational radiation doses are kept as low as reasonably achievable. Remote operat'ions
wi l l  be  employed and sh ie ld ing  w i l l  be  used to  min imize  the  rad ia t ion  f ie lds  to  wh ich  hand lers
are exposed.
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Figure 9.6. Rout ing ln
Engineering

Idaho to Idaho National
Laboratory.
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Figure  9 .11 .  Rout ing  in  New York  to  t les t  VaI ley
LLt l  Buria ' l  Si te.
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Figure 9.13. Rout ing in New Mexico to Los A1amos Site.

9 . 3 . 2 蝉

LLW currently is being shipped from TMI-2 to the commercial burial site near Richland, Washing―

ton.  Shipment of the remainder of the LLW to this site or one of the other commercial sites
remaSns the preferred alternative, assuming current institutional constraints do not pose impedi―

ments.  The alternatives of use of shutdown commorctal sites or DOE sites, although operationally
feasible, are less desirable because exSsting prohibitions would have to be lifted and new

arrangements negotiated.  This could be a lengthy and complex process.

In the case of HSAW, the u3e Of intermediate depth burial, while a feasible disposal alternative

currently being developed for this type of waste, ls not a disPosal technique in current practice

at any burial site.  The other option of dヽ sposal is a geologic repository.  Slnce a geolo91c

repository wSll not be in operation for 20 to 30 years,  interim storage is a required step.

9。3.3  Transportatlon

Once the specific offsite storage, treatment, and disposal facヽ 11ties have been identified, the

appropriate truck transportation routes of ihose alternatives presented ln Section 9。 2ぅ3 w 1ヽl be

selected.

For trae purpose of evaluating the potential b〔 ,unds of the transportatlon impacts under norhral and

accident conditions, こ wo feasible routes havi『 lg extremes in dttstance traveled have been selected.

These are:

―    The current transportation ,oute frDm THI~2 to the commerctal burial site at Richland,
Washington, a distance of about 275(' m1les,

‐   ■ ‐ ‐ →■ 工■上4■ ■去 !キ と■上 ii品 &基 基 と整 基 金 墨 墨 蓬 墨
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The noute to the shutdown waste management faci l i t ies at West Val ley, New York, which
:. , i : .  is the closest feasible locat ion for al l  the treatment,  storage, and d' isposal al terna-' r  t ives. This distance is about 370 mi ' les.

The rule pnoposed by DOT regarding the highway routing of radioactive materials (45 FR 7140.
January 31, 1980) would make uniform laws by state and local governments on shipments of radio-
act ive,mater ials by highway. I f  adopted as proposed, exist ing state and local laws that prohibi t
the transportation of nuclear materials would be preempted. In effect, the proposed regu'lations
establ ish the interstate highways as the preferred routes fon movement of radioact ive mater ials.

Fon the shipment of i r radiated fuel ,  considerat ion must be given to this proposed DOT regulat ion,
the NRC requirement for physical protection of shipments of irradjated fuel (10 CFR Part 73.37),
and the NRC inter im guidance for physical  protect ion of such shipments (NUREG-0561, Rev. 1,
June 1980).  In considerat ion of these factors, the NRC has provided publ ic disclosure of the
selected shipment routes for i r radiated fuel  as wel l  as information regarding safety and safe-
guards negulations (NUREG-0725" November 1980).

9.4 EFFLUENTS AND RELEASES TO THE ENVIRONMENT

Untler normal storage, transportat iorr ,  and disposal condit ions, no rout ine eff luents or releases
from the waste packages or transport  vehicles are expected. "Normal" t ransport  is the si tuat ion
when transport occurs without unusual delay, loss or damage to the package, or an accident
involving the transport ing vehicle.

The various types of packages that may be used to ship the TMI wastes are designed to prevent any
releases during storage, handl ing, normal transportat ion, or disposal operat ions i f  their  inte-
gr i ty is maintained. Thus, no impact on the environment from this source wi l l  occur.

The impact of the direct radiat ion from the packages under normal trarrsport  condit jons is dis-
cussed in Sect ion 9.5.1. Nonrout ine releases under abnormal or accident condit ions during trans-
port  are discussed in Sec+-ion 9.5.2.

9.5 ENVIRONMENTAL II,IPACTS

The pr incipal environmental  impacts from normal storage, transport ,  and disposal condit ions are
radiological ,  result ing from direct radiat ion exp35ure to package handlers, crevJ, and bystanders.
Rad io log ica l  impacts  a re  d iscussr ! in  the  fo l low ing  sec t ions  fo r  t ruck  t ranspor ta t ion  f rom TMI  to
the storage or disposal s i te.  In the case of accidents, direct radiological  impacts on man are
considered the most important potent ial  component of postulated environmental  impacts.

For this evaluat ion, the impacts are categorized under normal and accident condit ions, and are
further differentiated as occupational exposures to transport workers, environmental exposures to
the populat ion (bystanders),  and nonradiological  impacts.

9 .5 .1  Normal  Cond i t ions

For evaluat ion of the radiological  impact jn the case of normal storage, transport ,  and disposal,
radionucl ide content of the packaged waste and most character ist ics of the package are not sig-
ni f icant.  The important character ist ic is the radiat ion dose rate as a funct ion of distance from
the package surface. Federal  regulat ions (00T and NRC) impose constraints on the dose rate at
specif ied distances from the package surface to protect package handlers, t ransport  workers, and
bystanders. Therefore, i f  required, storage areas and shipments of waste packages wi l ' l  be
shielded or fenced to reduce the dose rate to acceptable levels.  In addit ion, vehicles trans-
port ing the waste wi l l  be placarded to indicate to the publ ic that they are transport ing radio-
act ive mater ials.

For this analysis,  conservat ive dose ost imates have been made ry using the regulatory dose-rate
l imits for the Tl . l I -2 shipments. In addit ion, where avai lable, dose rates recordr:d during actual
shipments ("experience" values) are used to obtain more real jst ic va' lues. The mater ial  presented
in NUREG-0170 and I{ASH-1238 has been the basis for much of the analysis presented in the succeed-
i n g  s e c t i o n s . 6 ' 7

Est imated doses to handlers during storage, package movement,  staging, and loading have been
calculated by using experience values for exposure t ime for each step in the process in con-
junction with expected exposure rates lFor the packages handled.

圭主 主 五 込 畠 圭 墨 基 墨 晶 鐘 進 轟 轟 塞 饉



9-28

9 . 5 . 1 . 1  0 c c u p a t i o n a l  D o s e s

The occupat ional  doses resul t ing f rom the storage,  onsi ie  movement,  loading,  and t ransport  of  the
wastes ane received by package handlers and vehic le crew members.

0ns i t e  S tonaoe  and  Hand l i no

The onsi te handl ing of  unshie lded packages f rom storage to t ruck loadi r ig  invo ' lves the fo l lowing
steps:  s torage,  p ickup at  s torage area,  t ransfer  to  loading area,  p ' lacement  in  

' loading 
area,

t ruck loading,  and t ruck rad ' ia t ion survey.

In the case of  sh ie lded sh ' ipments,  the packages wi l l  be p laced in the shipping cask at  the loao-
ing area and the shipping cask wi l l  be c losed b: fore the cask and t ruck are surveyed for  radia-
t i  on .

The analys is  of  the occupat ional  doses for  each d i f ferent  type of  waste handl ing operat ion at .TMI
is  presei r ted in  Appendix N.  Using the re levant  data f rom that  appendix,  the staf f  has determined
the occupat ional  radiat ion dose to a crew on a per-shipment  basis  and for  a l l  the waste shipments
(best  and worst  case) ,  inc luding both shie lded and unshie lded packages.  These data are sum-
mar i zed  i n  Tab le  9 .10 .

Packaged waste wi' l l  be removed from storage and loaded by two-member crews, and the loaded vehi-
c le wi l l  be moni tored by a radiat ion technic ian.  A tota l  o f  four  two-member loading crews p lus
two  techn i c ' l ans  wou ld  be  used  fo r  t he  sh ipmen ts  l i s t ed  j n  Tab le  9 .10 .

The average dose to the loading crews was estimated based on an average of two shipments per day
and t ime ipans of  8 months for  the min imum and 23 months for  the maximum number of  sh ipments.  I t
was assumed b1r  169 staf f  that  the radiat ion technic ians would receive 10 percent  of  the dose and
the loat l ing crews 90 percent  of  the dose f rom each shipment .  The resul tant  occupat ional  doses
a re  as  f o l l ows :

Rad ia t i on  Techn i c i ans
would receive a tota l
number of  sh ipnents,
quar ter .

-  For  f .he  min imum number  o f  sh ipnents  each rad ia t ion  techn ic ian
of 0.73 rem, or about 0.24 ren per quat ' ter.  For the maximum

the total  dose would be about 1.7 rem, or about 0.21 rem per

.  Loaci ing Crew -  For  the min imum number.of  sh ipments,  each crew member would receive a
totaT oF-T.6 rem, or  about  0.53 rem per  quar ter .  For  the maximum number of  sh ipments,
each crew member wou' ld  receive a tota l  o f  4.5 rem, or  about  0.58 rem per  quar ter .

Transpoltati on

Qccupat ional  doses f rom t ruck t ransport  of  the wastes and spen'u fuel  are received by the t ruck
crew. The fo l lowing parameters are assumed to apply to the shipments of  the TMI waste:

.  Sh ipmen ts  a re  made  by  exc lus i ve -use  veh i c l e .

.  Dose rate is  a maximuni  of  2 mrem/hr  in  any normal ly  occupied posi t ion in  the t , ruck,  and
up to 10 mrenr/hr  at  5 f t  f rom ei ther  an unshie lded package or  sh ie lded cask.

.  Two crew members per  t ruck.

.  C rew  occup ies  cab  o f  t r uck  on l y  du r i ng  pe r i od  o f  ac tua l  t r ave l .

.  The t ransport  and shipment  paranreters presented in Table 9.11 apply to the TMI-2 waste
sh i  pmen ts .  6

.  Two t ransport  d is tances are ur ;ed to bound the extremes of ' "he dose analys is .  The
longes t  d i s tance  used  i s  2750  m i1es ,  t he  she r tes t  i s  370  m i i es .

The crew doses for  the two routes considered are determined as fo l lows:

Longest  Route.  Since the durat ion of  crew exposure equa, ls  d is tance t raveled d iv ided by
averalE-s-pEdl-ttre total exposure duration is 50 hours. Assuming that a crew member spends 58 of
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Table 9.11.  Transport Parameters For Calculatiolr:掃
 ♀品i」28ti°

nal Doses

for Waste and Spent F,lel Shipments

Parameters

High

PoPulation

Areas

Medi um
Popul at i  on

Areas

Low
Popul  at ion

Areas

Transport Parameters

Average speed (mph)

Fraction of trave'l distance

Distance for Tl.lI shipments (miles)
- Longest route
- Shortest route

Durat ion of exposure t ime (hrs)
- Longest route
- Shortest route

15

0.05

25

0.05

5 5

0 。9

2475

333

45.0

6 . 1

８

９

３

１

１８

９

３

１

１

9 . 2

1 . 3

5 . 5

0 . 8

aThe number of shipments to al l  locat jons ranges from a minimum of 353 to a naximum
of 997 (see Table 9.5).

those hours in the cab and 2 hours at a distance of 3 f t  f rom the package (or cask),  his, /her
maximum possible dose per trip is 182 mrem (2 mrem,/hr* x 58 hr + 33 mrem/hr** x 2 hr). If the
same crew member made 25 such tr ips per year,  his/her annual dose would be 4.5 rem. The
comparable annual cumulat ive crew dose would be 9.2 person-rem, and range from 130 person-rem to
360 person-rem for the range of shipments of al l  TMI wastes for the t ime interval  required.

Shortest Route. In this case, the total  exposure durat ion would be 8.2 hours. l4aintaining
the same proportions of the total hours in the cab and at 3 ft from the package results in a
maximum individual dose per tr ip of 25.7 mrem and an annual individual dose of 0.8 rem for 30 tr ips.
The crew cumulat ive dose would be 1.3 person-rem, and range from 18 penson-rem to 51 person-rem
for shipment of all Tlil l waste.

However, experience indicates6 that dose rates
less than 0.2 mrem/hr, and about 25 mrem/hr at
doses wou' ld be as fol lows:

i n  t he  cab  o f  an  exc lus i ve -use  t ruck  a re  usua l l y
3 f t  f rom the package.  0n th is  basis  the crew

Longest Route. The truck crew member would receive about 62 mrem per tr ip,  and a maximum
annua-l  individual dose of 1.5 rem. For al l  shipments of TMI-2 waste the total  cumulat ive occupa-
tional radiation dose wou'ld range from about 44 person-rem to about 124 person-rem.

Shortest Route. In this case, the truck
and a maxinum annual  ind iv idual  dose of  0.2
cumulat ive occupat iona' l  radiat ion dose would

Offs i te  Storage and Disposal

crew member would receive about  9.1 mrem per t r ip ,
nem. For  a l l  sh ipments of  T l4I -2 waste the tota l
range from about 5 person-rem to about 18 person-rem.

treated here as addit ional
a component of the normal

those fac i l i t i es .

The occupat ional doses to workers at the offs i te storage si tes are not
impacts from the TMI-2 waste sh' ipments; instead, such doses represent
occupat ional doses associated with handl ing of al l  waste shipments at

*Dose rate in the cab.
**Dose rate at 3 ft from package.
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9.5日1●2  Environmental (offSite) Exposures

Onslte Storage      ‐

The enVironmental exposures to the offsite population in the vicinity of TMI-2 resulting from
onstte storage and handlSng operations are considered to be negllgible.  As previously noted,
maximun radiation levels at the fence surrcunding the facility frOm the interttm storage and
stagSng f▲c11lty wSll be less than O.6 mR/hr.

↓|:i樹 瑞 ぷ
封
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the center for ten hours each day every day of the year.  Under these conditions, the population
dose would be about O.00o4 Person~rem per year.

Transportat肯 on

Environmental exPosures to the genera, Population for truck transportatSon of the TMI waste

Snvolve exposure to pecple residing along the shipping route, exposure to persons in other vehi―
cles on the route, and exposure to bystanders while the transport vehlcle is stopped.

People Residing Along the Shipping Route

・
m村」ltelとなt呂

d:71括
苫苫1皆t丹督吊格活ぷ」li告品

Sil:eal,n:b8ut78!8]il:r言
81!iefr,8rTttiet:hi::

ment and a range of from 17 person‐ rem to 50 person― rem for all TMI waste and fuel shipments.
These doses were calculated for persons in an area between 100 ft and 1/2 mile on either side of
the shttpping route, assumSng 330 persons per square m:le, 10 mrem/hr dose at 6 ft from the vehi―
cle and each shipment traveling 200 miles per day.

壇里理単準笙挙理兵」出製号ヨ皇
|。s言lesキllil品Ri品まfどをを,1丹培P:!て ltiesiding along the 370‐

mile shortest route from
ive population dose of about O,007 person‐ rem for

one shipment and a range of from 2 person― rem to 7 person― rem for all TMI wastes and fuel ship―

ments.  The assumptSons made are the same as for the longest route case.

The maximum dose received by a person livSng along any transport route, as determined in

NUREC‐0170,6 would probably be received by an individual living adjacent to a highway where
radioactive materギ al was frequently shtpped.  The dose for one shipment received by a person

:3とi:3el竪 礼」llどlrttl ttpi°3:苦]首 88ユ 1!irf」 智督
ユ

|千島lid 千‖:]titiim88:: |ど ::ijeia岳 9)t甘:u::m:ai:r::n lor

all TMI fuel shipments would range from O.001 mrem to O.004 mrem and, conservatively assuming the

dose from a waste shipment to be the same as for the fuel, would range from O.013 to O.036 for
all waste shipments.

Persons ln Other Vehicles on the Route.  The dose received by an individual driving 100 ft behind
the truck (the location of Probable maximum dose for persons sharing the transport route)for one
hour would be O。 ■ mrem.  However, the staff belleves that it is hヽ ghly unlikely any individual
driver of the general population would follow the truck for even such a long time, and instead

would l:kely pass the truck or turn off after a short wh1le.

端 器 韓 牌 昔 播 票 ギ 柵 其 t h e惜幣 乳品 経 鞘 胡 n』堺 ふ 「 恐

t皆
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public who spends 3 minutes at an average distance of 3 ft from a loaded truck might receive a
dose of up to l_3 mrem口   ざf ten people wて ,re so exposed durヽ ng a shipment, the population dose for

each shttpment would be O.013 person― rem, and for the total number of waste shSpments from TMI, a

population dose of from 5 person‐ rem to ],3 person― rem might result.

Offsite Storage and Disposal

The environmental exposures to the offsttte population adjacent to lヽ censed storage and disposal

sltes are not treated as additional lmpticts from the TMI waste shipments.  Instead, they are
considered as a compoRent of the normal(loses a330Ctated with the handling of all waste shSpments
at that facilSty, regardless of origin.  As such, these exPosures are covered in the environ―
mental impact statements for the specific sites.
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9.5 .1 .3  Nonrad io log ica l  Impacts

Nonradiological impacts on the environment from the normal storage, transport, and disposal of
the Tl.lI walte are-primarily in the form of resource use. In the case of onsite storage and
transport, the resource use takes the form of a commitment of packages and shipping containers to
the Tt{I waste. The impact of such a commitment on the radioactive materia'ls transportation
industry ' is considered to be insignif icant,  except in those instances where special ized-casks are
reguired for the shipment of the imadiated fuel  or other high-act iv i ty mater ial  requ' i r ing Type B
packaging. In those instances, pr ior schedul ing and coordinat ion within the industry wi l l  be
required to ensure avai labi l i ty of  these packages on as-needed basis.

The major nonradiological  impact wi l l  occur in the offs i te storage and disposal of  the waste_
packages. The packages that are disposed of by burja ' l  wi l l  use part  of  the l imited capacity in
the exist ing colrmercial  low-level-waste disposal s i tes. I f  a burial  ef f ic iency of 50 percent is
assumed forrrrandomrr placement of packages, based on current bur ial  pract ices, burying the TMI
packages wi l l  require from 243,000 f t3 to 645,000 f t3 of t rench volume (see Table 9.!2).  For a
typical trench 300 ft' long by 30 ft wide by 20 ft deep, from two to four trenches will be needed
for the Ti l I  waste. Since the total  remaining commercial  waste disposal capacity is approi imately
75 mi l l ion  cub ic  fee t  th is  w i l l  reduce the  to ta l  commer . ,a l  capac i ty  ava i lab le  fo r  d isposa l  o f
wastes from other sources by 0.3 to 0.9 percent.

In the case of the intermediate level wastes that cannot be disposed of by normal shal low land
burial ,  inter im offs i te stonage may be used unt i l  f inal  disposit ion is determined. The form of
these wastes would be such that subsequent addit iona' l  processing opt ' ions for conversjon into
waste forms acceptable for the method used for f inal  disposit ion would not be foreclosed. Assum-
ing a storage efficiency of 75 percent based on current technology, storing the HSAi'l packages
wil l  require from 4000 f ts to 5100 f ts of storage capacity (see Table 9.13).

The i r rad ia ted  fue l ,  i f  sh ipped to  a  reac tor  o r  AFR fac i l i t y  fo r  s to rage,  w i l l  u t i l i ze  ava i lab le
capacity in a storage pool.  For a range of 56 to 183 fue- l  elements, the cross-sect ional area of
stbrage pool space rlquired wi'l l be from 56 ftz to 21:6 fL2. The need for additional pool storage
capacity wi l l  at  some point exist  for al l  AFR shipments for the nuclear power industry,  with the
TMI fuel  elements represent ing only a very smal l  increment of the total  requirement.

9 .5 .2  Acc ident  E f fec ts

The other  than "nornal"  occurrences associated wi th s torage,  t ransportat ion,  and d isposal  can be
categor ized as e i ther  abnormal  events or  acc idents.  Abnormal  events inc lude occurrence's  that
(1)  compromise package integr i ty ,  such as dropping of  packages by mater ia l  handlers,  packages
being run over  and crushed by a veh' ic1e,  and skewer ing of  packages by a fork l i f t ,  and (2)  re late
to packaging and handl ing procedures or  package loss.  Accidents are considered,  in  th is  context ,
to  involve vehic les carry ing the radjoact ive waste.  Thus,  abnormal  occurrences are re lated to
packaging and handl ing act iv i t ies and accidents dur ing t ransportat ion act iv i t ies.  The packaging
and handl ing act iv i t ies have been previously  covered in Sect ion 8;  t ransportat ion accidents are
covered in th is  sect ion.

9 .5 .2 .1  T ranspo r t  Acc iden t  P robab i l i t y

The probabi l i ty  of  the occurrence of  a t ransport  acc ident  that  resul ts  in  re lease of  radioact ive
mater ia l  can be descr ibed in terms of  the expected number of  acc idents for  the t ransport  mode,
together  wi th the package response to those accidents and the d ispersa ' l  that  is  expected.

Accident  Rate

The accident  rate used in th is  assessment  for  t ruck t ransport  is  1.7 x 10-€ accident /mi le (and
fo r  ra i l  i s  1 .5  x  10 -6  ra i l ca r  acc iden t / ra i l ca r  n r i ' l e ) . 6  The re fo re ,  t he re  i s  a  p robab i l i t y  o f  one
accident  occurr ing for  every 314 t ruck shipments a long the longest  route (2750 mi les)  f rom TMI to
a d isposal  s i te  (worst  case)  and one for  ever !  1590 t ruck shipments a long the shor test  route
(370  m i l es )  f r on  TMI  t o  t he  d i sposa l  s i t e  (bes t  case ) .  I f  a l l  t he  was te  i s  sh ipped  on  the  l ong
route,  i t  is  est imated that  1 to 3 accidents can occur  for  the range of  waste shipments f rom
Tl4I-2.  0n the other  hand i f  a l l  the waste is  sh ipped on the shor t  route,  0.2 to 0.6 accident  can
occur .
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Table 9.12. Volumes of Packaged Solid t{aste to Be Disposed of at a Commercial
[.ow-Level hlaste Disposal Site

Type of Package
'8i告品ge    Nul,er    ttli8品:d   9甘il品:a
(ft3)    Packages    (ft3)     (ft3)

Best-Case Condit ions Worst―Case Condit有 ons

Nu]倍er    予
:i8品:d   9甘千i品:a

Packages    (ft3)     (ft3)

55-Gal lon Drums

Low activity
Intermediate activity

LSA Boxes

Low activity

Contaminated Equipment
and Hardware, Mirror
Insulat ion

EPICOR II  Resins

lst stageb
2nd stage
3rd stage

RB Sump Cleanup

Fi l tersc
2nd stage
3rd stage

Primary System Cleanupc

Fi I tersd
2nd stage
3rd stage

Total s

０

　

０

０

８

　

７

８

7 . 5
7 . 5

3,200
502

1,042

86
53

24,000

3,765

83,360

6,020

4,240

2,450

700

1,050

15,400

1,707

2,128

293

48,000

7,530

167,720

12,040

8,480

4,900
1,400

2,100

ユ15,500

12,800

170,240

20,510

231,000
25,600

340,480

41,020

10/7.5/150

50
190

1,980

400
1,140

2569520

2,450
700

1,050

1,340

2,200
2,280

4,900

1,400

2,100

220
400
760

2,680
4,400

4,560

659,520

０

０

５

　

　

　

０

０

０

５

５

７

　

　

　

１

５

９

１

　

　

　

　

　

　

　

１

４９

・４

６

　

　

・１

２

１

　

　

西

４

３

０

０

０

１

０

８

１

２

３

０

０

０

２

０

８

２

２

３

４９

・４

６

　

　

・１

４

２

　

　

５７

４４

・２

０

０

０

　

　

０

０

０

１

０

９

　

　

９

０

７

１

１

１

　

　

９

２

５

aAssumes 50 percent efficiency.
bt l i l l  require special  disposal procedures (e.g.,  deeper burial)  i f  d isposed of at  a commercial
d isposa l  s i te .

t l f  "nt  of  these wastes contain fuel  debris or greater than 10 nCi/gm transuranic mater ials,
they would not be accepted at a commercial LLW facility.

dP.ir""y system cleanup generates 3 filter types.

轟
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Table 9.13. Volunes of tJaste Packages to Be Storeda

Type of Package

Number of
Packages

Eest t{orst
Case Case

Vol ume
Shipped (f t3)

Total Volume of
Storaqe Space
Used" (ft3)

B"* ,"*t
Case Case

Vol ume

per
Package

(ft3)

Best
Case

l{orst
Case

SDS lst stage

EPICOR II ユ st stageC

Total

０

　

　

０

１

　

　

５

８

　

６

７

　

４

１

　

　

６

１

　

　

４

110

2,300

780

2,300

150     1,040

3,070     3,070

3,220     4,110

aPackages containing wastes from RCS cleanrrp that contain fuel debris or greater than
10 nCi/g transuranic mater ials also wi l l  require storage.

b75 percent storage efficiency.
cTo be stored i f  disposal at  commercia' l  bur ial  s i tes with special  precaut ions is not
feasi  bl  e.

Airborne Release Fraction for Accidental Release

To arr ive at a real ist ic worst-case scenario for airborne releases under accident condit ions, a
severe truck accident sufficient ttr breach a Type B container with an attendant, fire is postu-
lated. As previously discuised, this accident is highly unl ikely because the integri ty of the
Type B container has been demonstrated by engineering analysis and testing. Airborne releases
would occur i f  the container ruptured and there was a f i re or explosion. To determine airborne
release fract-lons for the TllI waste forms, it is necessary to extrapolate data from other
sources. In the absence of specif ic test data on TMI-2 wastes, release fract ions for the TMI
waste forms are assumed to be simi lar to fract ions obtained from tests of s imulated high-level
yaste imrobi l ized in glass.8 I t  was found that af ter being subjected to container-rupture forces
and f i re,  the fract ion of the vi t r i f ied waste suff ic ient ly smal l  ( less than 10 mm)* to become
respirable was 5 v 10-5 for a container velocity of 55 mph on impact. It can be further assumed
that only 20 percent of this fract ion would actual ly be released from a Type B container,9 giving
an overal l  respirable release fract ion of 1 v 10-5. The staff  bel ieves this would be a bounding
worst-case si tuat ion. The potent ial  for airborne releases from representat ive Type B waste
packages under combined impact (at a veloci ty of at  least 50 mph) and f i re is given in
Table 9.14. The frequency of this specif ic type of accident has been est imated to be 6 v 10-13
accidents per truck mi le,  or 1.6 v 10-9 for shipments on the longest route, and 2.2 v 10-10 for
shipments on the shortest route. This is the minimum accident that must occur to suff ic ient ly
breach a Type B package to cause a release of radioactivity.

Wale!'borne Rel ease Fraqb'! pn_jqr_4cc'! 4ental Rel ease

The accident scenario nesult ing in waterborne releases requires that a truck fal l  into a water
body, the containers be punctured, and the waste forms be solubi l ized and carr ied out of the
container and vehicle.

The so l id i f ied  waste  fo rms w i l l  be  re la t i ve ly  inso lub le  in  water ,  and i t  v i l l  take  some t ime fo r
water penetrat ion and radionucl ide mobi l i izat ion to occur,  permit t ing mit igat ing measures to be
undertaken to minimize or prevent dispension. However,  i f  conservat ive release assumpt ' ions are
made, a waterborne re'lease fractjon of about 1 v 10-6 is obtained for a breached package under
prolonged leaking condit ions. These as:;umptions include use of a sol idi f ied waste surface area

rPart ic le size that becomes airborne and can be inhaled.
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Table 9.14.  EstSmated Attrborne Releases fron Selected Type― B

WaSt骨
。iaikagi8_甘
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」
〓
〓
，
Ｅ
ｒ
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ト
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ｒ
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車
，
１
，
１
，
―
，
ｒ
‐
十
１
　
１
１

ryptta3:a
ヽ

Package Content

Curie
Content

per
Package

Release

per
Package

( C 月)

Number
Packages

per
Shipment

Release

per
Shlpment

( C i )

Li ners

EPICOR II

SDS zeolite

Drum

Resi ns

lst stage

lst stage

Fi I  ter

Evaporator bottoms

Accident sludge

Ash

1,300

120,000

40

36

435

2 . 0

0.013

1.2b

(0.001

く0.001

<0,004

く0,001

１

１

・４

・４

４

・４

0.013

1 . 2

0.006

0,005

0,017

(0.001

aAll shttelded.

bRelease of indttvidual radionuclギ
des per package for this worst case arei  Cs-134, 0,168 Ci;

Cs-137, 1.008 Cli S,-89, 0.0034 Ci; and Sr‐90, 0.0144 Ci.

of 25 ft2 before the accident, an area increase factor of 5 because of the accident, an average
waste weight of about 1300 pounds per drum, a solubi'l ity of 1 x 10-6 cm2-day, and fjve days of
leaching. Applying this release fract ion to an accident involving Type B packages results in the
potent ial  waterborne releases shown in Table 9.15. The frequency of such an accident would be'less than one that would involve airborne releases, and would be dependent on the frequency and
duration of proximity to water bodies during transport.

9 .5 .2 .2  Transpor t  Acc ident  Rad io log ica l  R isk

Qnce release of the radioact ive mater ial  has occurred, radiological  impacts would result  f rom
{ispersion along a number of exposure pathways to man, including inhalat ion, ingest ion, or direct
radiai ion. i lodels have been developed to assess these impacts along the viable exposure path-
ways.6 In addit ion, an accident may result  in environmental  contaminat ion of ' land or structures,
necessitating subsequent abandonment on cleanup operations.

The meteorological  condit ions that would exist  i f  a transportat ion accident were to occur are
dif f icul t  to predict  s ince they would change with locat jon and t ime. Relat ive to the severe
truck accident descr ibed earl ier in this sect ion, the dose from inhalat ion was calculated assum-
ing meteorological  condit ions equivalent to X/Q = $ x fQ-3 sec/m3. The total  body inhalat ion
dole that wouid be received by an adult breathing at a rate of 8000 m3lyr would be 100 mrem.
This dose is for an individual assumed t ,o be within several  hundred feet for the durat ion of the
accident. If the accident occurs near a vegetable garden, it may be necessary to take precau-
t ions to prevent large doses from vegetable consumption. The jnhalat ion dose calculated rep-
resents a conservative value and may be lower depend'ing upon meteorological conditions at the
t ime of the accident.

9.5.2.3 Severe Accidents in Very High Populat ion Oensity Urban Areas

Accidents occurr ing in urban areas of very high populat ion density (> 104/km2) may produce conse-
quences more ser ious than discussed. this type of accident has a very smal l  probabi l i ty of
occurrence which would be further diminished by the proposed new rules that would require that
shipments of radioact ive mater ial  be made on circumferent ja ' l  or bypass routes around urban cen-
ters.
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Table 9.15. Estimated l{aterborne Releases from Selected Type-8
Waste Packages under Accident Conditions

for 1 x 10-6 Fractional Release

:普:最a3[a Package Content

Curie
Content

Per
Package

Release

per
Package

( C i )

Number
Packages

per
Shipment

Release

per
Shipment

(Ci)

Liners

EPICOR II

SDS zeollte

Drum

Resi  ns

lst stage

lst stage

Fi  l ter
Evaporator bottoms
Accident  s ludge

Ash

1,300

■20,000

40

36

435

2 , 0

0.0013

0.12b

(0.0001

(0.0001

(0.0004

(0.0001

１

１

・４

・４

４

・４

o.0013

0.12

0,0006

0.0005

0.0011

(0.0001

aAll shielded.

bRelease of indtvidual radionucl'des per package for this wo,st case arei  Cs― ■34, 0.0168 CS;

Cs‐137, 0.100 Cis Sr-89, 0.00034 Ci; and Sr‐ 90, 0.0014 Ci.

9. 5. 3 Psycholog!ga_'l-Socioeconomic Effects

Assuming two shipments per  day,  the t ransportat ion of  so l id  waste would involve e l ther  353 or

997 tnuik  shipments over  14 or  34 months,  depending on best-  or  worst -case condi t ions.  The

worst-case scenar io for  sh ipping sol id  waste would be modi f ied fur ther  i f  a  decis ion Ytere made to

t ransport  the t r i t ia ted water  ot fs i te  by t ruck;  under th is  scenar io,  an addi t ional  average of

1.2 t ruck shipments per  day would be made over  a l5-month per iod.

Inc ident- f ree t ransportat ion of  waste f rom the s i te  is  expected to produce l i t t le  impact . lo  The

current  level  of  puUt ic  sensi t iv i ty  to  and awareness of  TMI-2 act iv i t ies leads the staf f  to

expect that the piychological and locioeconomic tmpact generated would be concentrated in ther
pebpte l iv ing near- the sf i ipp ing route wi th in the local  impact  are-a.  The psychological  impact  is

expected to 
-be 

character ized a l  low- level  anxiety,  and would ref lect  apprehension of  the possi -

Ui t i ty  of  acc idents.  The staf f  a lso bel ieves that  the t ransportat ion of  waste through Middle-

town,  where populat ion densi ty  is  h igher  and people l ive c loser  to the roadway than at  other

locai ions,  i i r  lne v ic in i ty  of  fUl ,  could resul t  in  the decreased marketabi l i ty  of  res ident ia l
property  dur ing the per i6d of  sh ipments.  Shipments through t ' l idd letown also could resul t  in

aOjustmints in  dai ly  schedules and act iv i t ies as households at tempt to avoid the shipp ' ing route

through t4iddletown.

The staf f  considered three accic lent  scenar ios involv ing of fs i te  t ransportat ion:  (1)  inc idents

no t  i nvo l v i ng  env i ronmen ta l  r e l eases ,  (2 )  i nc iden ts  resu l t i ng  j n  re leases  to  t he  a i r '  and
(3)  inc identJ resul t ing in  waterborne re leases.  Accidents involv ing a i rborne or  waterborne

"" i " " r " r  are considere l  to  be remote,  a l though accidents not-  accompanied by re leases to the,

envi ronment  are considered probable.  I f  an a lc ident  does occur in the local  area of  impact ,  ' i t

would have the potent ia l  for  producing a notable publ ic  responsero becarrse.of  current  concerns

focused on nuclear  waste d isposal .  The nature and extent  of  any psychological  or  socioeconomic

consequences are expected to be determined by the event ,  the factual i ty  and durat ion of  media

coveragei  the number of  people impacted,  and the danger posed to publ ic  heal th '

9.6 ECoNoMIC CoSTS

The incremental  and tota l  costs invo]ved in the t ransportat ion of  the sol id  waste and i r rad ' ia ted

fuel  f rom Tfr l I ,  and the subsequent  of fs i te  s torage,  t reatrnent  ( i f  appl icable) ,  and d isposal

charges ar"e sumnar ized in th is  sect ion.  In  general  the cost  e lements are (1)  sh ' ipp ing cask use

■±■ぅとこ主虫立≧≧墨≧≧基≧送墨畠逢塞畠≧墨姦途釜墓≧墨轟墓轟義藍議義議轟墓認議蓬藪轟轟義義義議義饉轟義轟議寵轟議轟羞寵義議姦義轟塞義義議轟轟轟
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or rental ,  (2) t ransportat ion, and (3) commercial  bur ial .  The basic approach and methodologies
used to quant i fy these cost elenents and the incremental  values are provided in Appendix K.

For the punpose of bounding disposal costs,  the costs associated with both the maximum transit
distance to Hanford (Richland),  Washington, and the minimum distance to trJest Val ley, New York,
are determined for both the least and greatest number of shipments for each type of waste.

The range of estimated costs for transportation and storage of LLI'I and HSAI{
$2i610,000 and $6,580,000 for disposal at  Uest Val ley, New York, and $3,900,000

are between
and $11,700,000

for  d isposal  at  Hanford,  Ut lashington.

Al though i t  is  recognized that  there
of  the damaged fuel ,  suf f ic ient  data

are cost  factors associated wi th the processing q, ' l  ' t "Jrage
are not  current ly  avai lable to assess these considerat ions.
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10. SUM|,IARY 0F ENVIRONITIENTAL II,IPACTS 0F THE PROP0SED ACTIVITIES

10.1 SUl,ilARY 0F EFFLUENTS AND RELEASES T0 THE Et{VIR01{1.lEl{T

In Sect ions 5 through 8 of this document,  var ious al ternat ive processes are descr ibed for each of
the major stages in decontaminating TMI-2, for processing the radioactive wastes, and for pre-
paring the wastes for shipment to offsite waste repositories. In Section 9 the procedures for
transportation and terminal disposal of these wastes are described. For each of the cleanup
act iv i t ies, est imates were made of the potent ial  releases of radionucl ides for each a1ternat ive
process. A detailed description of the effluents from each alternative process can be found in
the appropriate sections. In some cases, a range of values representing the uncertainty of the
estimates is indicated. The surnary presented here is the summation of the amounts released from
the process alternative that produces the greatest quantity of effluent of all processes con-
sidered for a part icular act iv i ty.  In cases where a range of values is given, the largest quan-
t i ty is included in the surmation.

Essent ial ly al l  of  the Kr-85 that was contained in the reactor bui lding air  (about 44,000 Ci) was
vented to the atmosphere over the two-week period prior to July 11, 1980. There have been subse-
quent purges to release the Kr-85 that has been slowly desorbing from the water and walls. The
monthly releases during September 1980 through December 1980 decreased in an approximately
exponent ial  manner (27, !5,  12 and 7.5 Ci) .  Future releases of radioact iv i ty into the atmosphere
wi l l  be a direct consequence of the normal decontaminat ion processes, sol idi f icat ion and pack-
aging of the wastes, and disposal of  the fuel .  During the normal decontaminat ion operat ions,
gases and very smal l  part ic les of sol id (dust)  radionuc' l ides wi l l  cont inual ly escape to the
bui lding atmosphere. The bui lding vent i lat ion systems contain HEPA f i ' l ters that wi l l  t rap most
of the dust;  however,  some of the part ic les and al l  of  the gases wi l l  pass through the f i l ters
and escape to tne atmosphere. These effluents will accompany the operations throughout the
ent ire period of the cleanup. The maximum est imates for the pr inc' ipal  radionucl ides which could
be expected to be released during the course of the cleanup are summarized in Table 10.1.

During the course of the TllI-2 accident, a considerable quantity of water was contaminated with
radionucl ides as both dissolved and suspended sol ids. About 372,000 gal lons of water f lowed from
the reactor system into the auxi l iary and fuel handl ing bui ldings. This water has been processed
by the EPIC0R II system. About 700,000 gallons of contaminated water are jn the bottom of the
reactor bui lCing and wi l l  be processed during cleanup by one of three al ternat ive means. The
process chosen wi l l  a lso l ikely be used to process the nearly 95,000 gal lons of water in the
reactor coolant systen. An additiona'l source of contaminated water wil' l resuit from the use of
aqueous solut ions or water sprays for decontaminat ion of reactor bui ld ing sur iaces. This water
also wi l l  need to be processed. The purpose of processing the water is to remove the suspended
and dissolved radionucl ides for subsequent i rmobi l izat ion and shipment to an offs i te repository.
However,  the processed water wi l l  st i l l  contain some radionucl ides, mainly tr j t ium as HTO, whjch
is not removed by the processing. Table 10.2 is a summation of the total  radionucl ide inventory
remaining in a' l l  the processed water sources. Thertbest-casei l  and "worst-case" values represen!
the expected range of the residual radionucl ide inventory in the processed water.  This processed
water must ul t imately be ut i l ized or disposed of by one of the means previously discussed in this
document.

The discharge of processed water ( tr i t ium is the major remaining contaminant) to the Susquehanna
,River would occur only as a del iberate choice (and only after approval by the NRC) of that means
of disposal.  The processed water would tre di luted with blowdown or r iver water and then dis-
charged to the r iver at control led rates such that the concentrat ion of radionucl ides in the
r iver would be wel l  below the threshold leve' l  for deleter ious effects in aquat ic species or
humans. Table 10.2 is a surmary of the total  amount of the pr incipal radionucl ides that would be
discharged under the above condit ions.
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10.I SUI.T,IARY OF EFFLUENTS AND RELEASES TO THE ENVIRONT4ENT

In Sections 5 through 8 of this document, various alternative processes are described for each of
the major stages in decontaminating Tiit '2, for processing the radioactive wastes, and for pre-
paring the wastes for shipment to offsite waste repositories. In Section 9 the procedures for
transportation and terminal disposal of these wastes are described. For each of the cleanup
act iv i t ies, est imates were made of the potent ial  releases of radionucl ides for each al ternat ive
process. A detailed description of the effluents from each alternative process can be found in
the appropriate sections. In some cases, a range of values representing the uncertainty of the
estimates is indicated. The sunnary presented here is the summation of the amounts released from
the process alternative that produces the greatest quantity of effluent of all processes con-
sidered for a part icular act iv i ty.  In cases where a range of values is given, the largest quan-
t i ty is included in the summation.

Essent ial ly al l  of  the Kr-85 that was contained in the reactor bui lding air  (about 44,000 Ci) was
vented to the atmosphere over the two-week period prior to July 11, 1980. There have been subse-
quent purges to release the Kr-85 that has been slowly desorbing from the water and walls. The
monthly releases during Septemben 1980 through December 1980 decreased in an approximately
exponent ial  manner {27, L5, 12 and 7.5 Ci) .  Future releases of rad' ioact ' iv i ty into the atmosphere
wi l l  be a direct consequence of the normal decontaminat ion processes, soi idi f icat ion and pack-
aging of the wastes, and disposal of  the fuel .  During the normal decontamjnat ion operat ions,
gases and very smal l  part ic les of sol id (dust)  radionucl ides wi l l  cont inual ly escape to the
bui lding atmosphere. The bui lding vent i lat ion systems contain HEPA f i l ters that wi l l  t rap most
of the dust;  however,  some of the part ic les and al l  of  the gases wi i l  pass through the f i l ters
and escape to the atmosphere. These effluents will accompany the operations throughout the
ent ire period of the cleanup. The maximum est imates for the pr incipal rad' ionucl ides which could
be expected to be released during the course of the c ' leanup are summarized in Table 10.1.

Ouring the course of the Tl4I-2 accident, a considerab'le quantity of water was contaminated with
radionucl ides as both dissolved and suspended sol ids. About 372,000 gal lons of water f lowed from
the reactor system into the auxi l iary and fuel handl ing bui ldings. This water has been processed
by the EPIC0R II system. About 700,000 gallons of contaminated water are in the bottom of the
reactor bui lding and wi l l  be processed during cleanup by one of three al ternat ive means. The
process chosen wi l l  a lso l ikely be used to process the nearly 96,000 gal lons of water in the
reactor coolant system. An additional source of contaminated water wi'l l result from the use of
aqueous solut ions or water sprays for decontaminat ion of reactor bui lding surfaces. This water
a1so will need to be processed. The purpose of processing the water is to remove the suspended
and dissolved radionucl ides for subsequent i rmobj l izat ion and shipment to an offs i te repository.
However,  the processed water wi l l  st i l l  contain some radionucl ides, main' ly t r j t ium as HTO, wh' ich
is not removed by the processing. Table 10.2 is a surr:aat ion of the total  radionucl ide inventory
remaining in aI l  the processed water sources. The t 'best-case" and "worst-case" val i les represen!
the expected range of the residual radionucl ide inventory in the processed water.  This processed
water must ul t imate' ly be ut i l ized or disposed of by one of the means Dreviously discussed in this
document.

Ttre discharge of processed water ( tr i t ium is the major remaining contaminant) to the Susquehanna
River would occur only as a del iberate choice (and only after approval by the NRC) of that means
of disposal.  The processed water would b,e di luted with blowdown or r iver water and then d' is-
charged to the r iver at control led rates such that the concentrat ion of radionucl ides jn the
r iver  wou ld  be  we l l  be low the  th resho ld ' leve l  fo r  de le te r ious  e f fec ts  in  aquat ic  spec ies  or
humans. Table 10.2 is a summary of the total  amount of the pr incipal radionucl ides that would be
discharged under the above condit ions.
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Table 10.2. Amounts
Pnesent

10,4

ti liin:ipile St:♀:廿
Ci:!:景athat will Be

Radionucl ides
Iotal Radi oacti vi ty i n Processed-Ua'ler--.(qlb-

Best Case (SDS/EPIC0R II)c bJorst Case (SDS)C

H。3

Sr‐89

Sr口90

Ru。106

Sb-125

Te‐127m

Cs‐134

Cs-137

Ce-144

2900

6 X 10。6

9 x 10_5

0,04

0,07

0 。1

く0.3

0 。6

0302

2900

0 . 6

9

2■

54

51

0 . 9

5

5

aThe total  volume of stored processed wate:" would be sl ight ly
over 1.5 mi l l ion gal lons i f  no clean water were added and rrone
was lost by evaporat ion. The or igins of this water are:
743,000 gal lons from the AFHB that has already been processed
by EPIUUR II ,  700,000 gal lons of contaminated water in the
reactor bui lding basemen.i  that has not yet been processed, and
95,000 gal lons of water in the pr imary system of the reactor
that also remains to be processed (see Tables 7.23 and 7.24).
I f  the processed water were released to the r iver,  the rate
and the mixing with uncontaminated water would be adjusted so
t l rat  the concentrat ion of radionucl ides in the r iver would be
wel l  below the threshold level for deleter ious effects in
aquat ic species or humans.

bv"lu"o are rounded to one or two signi f icant digi ts.
csee Sect ion  7 .1 .3 .3  fo r  a  d iscuss ion  o f  these sys tems.

Except for the sma' l l  releases to air  and water ( i f  approved),  by far the greatest part  of  the
rad ionuc l ides  f rom the  acc ic ien t  w i l l  be  immobi l i zed  as  so l ids  and sh ipped o f fs i te  to  au thor iz -ed
waste  d isposa l  fac i l i t i es .  I t  i s  ve t ' y  l i ke ly  tha t  the  bu lk  o f  these sh ipments  w i l ' l  be  by  t ruck
as is present ly the case. Although shielding is gerreral ly noi-  necessary for t ruckloads of drums
or  low-spec i f i c -ac t iv i t y  (LSA)  boxes ,  h igh-spec i f i c -ac t iv i t y  ion-exchange mater ia ls  and epent
nuclear fuel  must be packaged in shielded casks for shipment.  A summary of the est imated number
o f  so l id  waste  sh ipments ,  b roken down by  type  o f  packag ing ,  i s  p resented  in ' l ' ab le  10 .3 .

The potent ial  accidents that could occur during cleanup operat ions are descr ibed in Sect ions 5
through 9 of this document.  These accidents are postulr ted on very conservat ive assumptions, and
the releases to the environment are simi lar ly computed. The est imated ainounts of the pr incipa' t
radionucl ides that would be released to the atmosphere for each accident are l isted in Table 10.4.
For those accidents that would result  in rer leases of radioact ive mater ials into the r iven, the
concentrat ions of radjonucl ides at the nearest intake for potab' le water would be a smal l  f ract, ion
o f  the  l im i ts  se t  fo r th  in  10  CFR Par t  20  fc r r  unres t r i c ted  re leases .  Deta i l s  o f  each pos tu la ted
accident and the eff luent est imates can be found in the document sect ion l isted in the f i rst
cclumn of Table 10.4. I t  js assumed by ther siaf f  that two or more accidents would not happen
simultaneously because t i re cleanup act iv i t ' i r :s with which the accidents are associated wi l l  take
place at di f ferent i imes or at di f ferent places on the si te,  or both.
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Table 10.3. Summary of Estimated Number of l{aste Shipmentsa

Number of Shipments

Type of l{aste Best Case Worst Case

Low- level  so l ids
Drums
LSA boxes

Decontaminat ion I  iquids

Unshielded drums

Shielded drums

Shielded ion-exchange mater ials

Accident sludge, spent
f i l te rs ,  ash

Contami nated equipment,
mater ials,  hardware

Damaged fuel assembl ies

Total

13

104

14

0

85

41

40

55

353

108

L77

20

119

170

L2

208

183

997

aSee Table 9.6 and accompanying d iscussion ' in  Sect ion 9.

iO.2 SUMMARY OF OCCUPATIONAL DOSES AND HEALTH EFFECTS

Estimates for the occupat ional doses are presented and discussed individual ly for each of the
major cleanup operat ions in appropriate subsect ions in Sect ions 5 through 9. Est imates of the
duiat ion of- the work effort  are included in the discussion. These est imates are summarized
below.

10.2 .1  9ccupat iona l  Dose

The cumulat ive occupat ional radiat ion dose from al l  decontaminat ion, defuel ing and waste disposal
operat ions is est imated to he between 2000 and 8000 person-rem. Contr ibut ions from the di f ferent
cieanup operat ions are summarized in Table 10.5. Defuel ing. pr imary system cleanup, and related
operat ioni  contr ibute almost half  of  the total ;  decontaminat ion of the reactor bui lding contr ib-
ules about one-third,  and the remaining operat ions, which include decontaminat ion of the auxi l iary
and fuel handl ing bui lding, processing the contaminated water,  and packaging and disposit tg of the
waste, contr ibute the remainder.

L0.2.2 Durat ion of Effort

The total  t ime that wi l l  be needed to complerte decontaminat ion and defuel ing is est imated by the
staff  to be 5 to 9 years from the t ime of the accident on March 28, L979. This est imate does not
take into account delays due to f inancja' l  Frroblems, l i t igat ion, or other unpredictable events;
the  ac tua l  t jme cou ld  we l l  be  longer .  The l i censeers  schedu le  ca l l s  fo r  comple t ion  o f  c leanup
act iv i t ies in 1986, approximately 7 years rrom the accident (see Fig. 1.4).
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Table 10.5.  Summary of Cumulatfve Dose and Health Effects

to Workers from CleanuP of TMI。 2

Health Effectsa

Document
Secti on 0perati on

Cumul ati ve
Occupational

Dose
(person- rem)

Addi ti ona'l
Cancer

Deaths in
Uork Force

Addit i  onal
Genetic Effects
Among 0ffspring
of Work Force

4 . 5 , ■

5 。1 . 5 。1

5 。2 . 5 。1

6 . 2 . 5 。1

6 . 3 . 5 。1

6 . 4 . 5 . 1

6 . 5 . 5 . 1

7 . 1 . 5 。1

8 . 1 . 5 。1

8 . 2 . 5 。1

8 . 3 . 5 . 1

9 . 5 , 1 . 1

9 . 5 。1 . 1

Maintenance of the Reactor
i n  Sa fe  Cond i t i on

Decontaminat ion of  the
Aux i l i a r y  and  Fue l  Hand l i ng
Bui  I  d i  ngs

Decontaminat ion of  the
Reac to r  Bu i l d i ng

Reactor Coolant System
I nspect i  on

Removal of RPV Head and
Internal  s

Core Examinat ion and
Defuel  i  ng

Decontaminat ion of  Pr imary
System Components

Liquid Waste Treatment

Handl ing and Packaging of
Process Sol id  Wastes

Handl ing and Packaging
of  Chemical  Decontaminat iorr
So lu t i on  Was tes

Handl ing and Packaging of
Sol  id  Wastes

Transfer from Storage and
Truck Loading

h

Transportat i  on"

8

375 - 550

660 - 3000

52 - 580

150 - 450

580 - 1350

108 - 1740

43 - L2L

t7

3 - 1 0

3 9 - 9 9

1 1 - 3 8

6 - 3 6 0

2000 - 80004

0,002

0.10 ‐ 0.14

0 。2 - 0 . 8

0。014 - 0,15

0,04 - 0。 12

0.15 - 0.4

0.03 - 0,5

0.01 - 0.03

0.004

0.001

0.05 - 0.07

0.09 - 0。4

0,007 - 0.08

0.02 - 0,06

0.08 - 0.2

0.014 - 0。 2

0.006 - 0。 016

0.002

0.0004 - 0.00]

0.005 - 0.013

0.001 - 0.005

0.001 - 0.05

0 . 3 - 1

0.0008 - 0.003

0.01 - 0.03

0.003 - 0,009

0,002 - 0.09

0 . 5 - 2TOta15

"V" Iu"r  have been rounded to one or  two s igni f icant  d ig i ts ;  to ta ls  have beerr  rounded to one
s i g n i f i c a n t  d i g i t .

bDi f ferent  routes and d i f ferent  est imates for  the expected exposure dur ing t ransi t  lead to a
la rge  range  i n  t he  t r anspo r ta t i on  es t imar tes ;  see  Sec .  9 .5 .1 .1 .
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The basis fot" the staff estimate is (starting from the date of issuance of this PEIS, approxi-
nately 2 years from the time of the accident): 18 to 48 months to decontaminate the reactor
building to the point that defueling activities can begin; 3 to 10 months to remove the reactor
pressure vessel head, upper internals and core support structure; 8 to 13 months for core exami-
nation and defueling; 3 to 12 months for primary system decontamination; and a final 6 months to
complete interim waste storage or waste disposal activities. The 

'large 
spread in the reactor

bui lding decontaminat ion est imates ref lects the bounding al ternat ives of:  (1) proceeding simul-
taneously with sump water cleanup and building decontamination (and using lower bounds for the
task duration estimates) or (2) deferring building decontamination until the sump water has been
renoved (and using upper bounds for tasli duratioi esi,irqates). The large spread in the primary
system decontamination estimates reflects the uncertainty in the condition of the primary system
and the extent to which fuel debtis has been distributed throughout the system.

10.2.3 Health Effects

The work force for the Tl.lI-2 cleanup will be exposed predominantly to penetrating radiation
dis*"ributed over the whole body, so that any conseguences will not be restricted to a particular
area or organ of the body. A great deal of data on the biological (health) effects of radiation
has been accumulated on a worldwide basis over the past severa'l decades. These data have been
analyzed by internat ional and nat ional organizat ions responsible fsr radiat ion protect ion. l '2
The up-to-date f indings of these organizat ions are the basis for est imating radiat ion-related
human health effects in this document. The occupational doses from routine operations during the
course of the Tl,lI-2 cleanup may result in somatic and genetic effects. The somatic effect (to
the body of the worker) of greatest concern is the possibility of inducing a fatal cancer; the
genetic effects include a variety of inheritable changes which may affect future generations.

The r isk factors ut i l ized in the est imates of health effects are:

. 1 3 1 f a t a 1 c a n c e r s i n t h e e x p o s e d w o r k e r s p e r o n e m i l t i o n p e r s o n - r e m . � �

'250 genet ic effects among the offspr ing of the:rork force per one mil l ion person-rem.

ilore detailed information on the health effect risk estimators used by the staff is contained in
Appendix Z.

I t  should be stressed that these r isks, or-probabi l i t ies, are increments above or addit ions to
those r isks to which the ent ire populat ion current ly is exposed. Curnent publ ic health stat is-
t ics show that for the ent ire U.S. populat ion there is a 1 in 5 probabi l i ty that death wi l l  be
due to some form of cancer. The normal occurrence of hereditary disease in the offspring of the
present U.S. populat ion is about 1 in 17. I t  is expected that the occupat iona' l  dose to the work
force cleaning up TMI-2 wi l l  increase the workers'  r isk of death from cancer,  but this added r isk
is relat ively smal l  in comparison with the exist ing r isk. In addit ion, the r isk of genet ic
changes can be expected to increase for the offspring of the work force, but this jncrement is
also very smal l  compared to exist ing r isks.

The health effects from occupational exposure to radiation were calculated for the work force on
the basis of radiation doses ranging between 2000 and 8000 person-rem. For the minimum cumu-
lat ive dose case (2000 person-rem), i t  is expected that 0.3 addit ional fatal  cancer would be
caused. For the maximum dose case (8000 person-rem), 1 addjt ional cancer fatal i ty would result .
Al though i t  is possible to compute a range of probabi l i t ies for cancer induct ion among average
individual workers based on the above f igures, the results of such a calculat ion may not bear a
close relat ionship to actual r isks since the work force size and cumulat ive dose associated with
the var ious tasks can di f fer by large factors, rendening inappl icable the concept of an average
individual worker.

The l icensee appl ies administrat ive controls for doses to i ts employees in order to ensure compl i-
ance with the regulat ions given in 10 CFR Part 20. These controls result  in keeping most doses
to less than 1 rem per quarter.  Most of the workers jnvolved in the cleanup can be expected to
be in this category. 10 CFR Part 20 regulat ions l imjt  the highest quarter ' ly dose that an indivi-
dual worker may receive to 3 rem per quarter.  Individua' ls are not al lowed to receive exposures in
excess of 1 rem per quarter unless there ane special  c ircumstances. For examp' le,  a complex task
that would normally be done by a single worker might require several workers if the 1 rem per
guarter administrat ive control  were imposed. In such si tuat iohs, the total  exposure to the work
force can often be reduced if one worlier is allowed to exceed I rem per quarter (but not the
10 CFR Part 20 l imits) in order to complete the task.
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For an individual worker who gets 1 rem per guarter throughout an assumed nine-year cleanup
period, the total dose would be 36 rem. For a person of age 30 (the expected average age of
cleanup wonkers),  the probabi l i ty of  dying of cancer would normal ly be 1 in 5. The added prob-
ability of a premature death from cancer as a result of receiving a radiation dose of 35 rem
would be I  in 210. Thus, for the decontaminat ion workers, the overal l  probabi l i ty of  death from
cancer would be 1 in 4.9. The equivalent decrease in l i fe expectancy from a 35-rem dose would be
about 23 days. The risk for a younger worker wou'ld be greater, and for an older worker it would
be less .

For the minimum cumulative dose case, the expected number of genetic effects among the offspring
of the work force would be 0.5. For the maximum cumulative dose case, the expected number would
be 2. The normal (exclusive of occupational dose) incidence rate for a hypothetical work force
of 1000 persons would be about 60.

10.3 OFFSITE DOSES A}ID HEALTH EFFECTS FROM NORMAL OPERATIO}I

For est imating dose and health effects,  the quant i t ies of radioact ive mater ial  that may be
released fnom the plant as a result  of  c leanup al ternat ives are based on the descript ion of the
source terms and the radioactive waste treatment system a'lternatives given in this statement.
Site-specif ic and environmental  data provided during l icensing in the environmental  report  and in
subsequent l . letropol i tan Edison answers to NRC staff  quest ions relat ing to this PEIS were used
extensively in performi.ng dose calculat ions. Using est imated quant i t ies of radioact ive mater ials
anticipated to be released and exposure pathway information, the dose commitments to indjviduals
anC to the population were estimated. Population doses from atmospheric releases are based on
the  pro jec ted  popu la t ion  d is t r ibu t ion  w i th in  50  mi les  in  the  year  2010 (3 .2  mi l l ion  peop le) .
Populat ion doses from l iquid releases for consumption of dr inking water at"e conservat jvely based
on an assumed consumer populat ion of 2.2 mi l l ion people. The calculat ional methods used for
est imating offs i te Cosei l iven in this statement were those in Regulatory Guide 1.109.3 Since
the dose models in Regulatory Guide 1.109 assume a normal ly operat ing reactor with a 30-year
l i fet ime, certain minor modif icat ions were necessary to account for the relat ively shorter t ime
period of the decontaminat ion program. These modif icat ions and si te-specif ic parameters are
discussed in Appendix W.

The internal dose commitments in this statement represent the total dose received over a period
of 50 years fol lowing the intake of radioact iv i ty for one year under the environmenta' l  condit ions
exist ing during the cleanup period. This calculat ional approach, which is consistent with the
recommendations of the ICRP, is descr ibed in detai l  in NUREG-0172.4

10.3.1 Dose Commitments from Radioact ive Releases to the Atmosphei^e

Radioact ive mater ials released to the atmosphere during the cleanup operat ion wj l l  result  in
smal l  radiat ion doses to individuals and populat ions. NRC staff  est imates of the expected gaseous
and part iculate releases (summarized in Table 10.1) and si te meteorological  considerat ions
(discussed in Appendix W of this statement and summarized in Tables t{-2 through W-5) were used to
es t imate  rad ia t ion  doses  to  ind iv idua ls  and popu la t ions .  The resu l ts  o f  the  ca lcu la t jons  are
summarized below.

10.3 .1 .1  Rad ia t ion  Oose Commi tments  to  Ind iv idua ls

The bas is  fo r  se lec t ion  o f  max imum ind iv idua l  receptor  loca t ion  (1 .05  mi les  eas t  o f  the  s j te )  and
pathways considered for the maximum indivic lual  are descr ibed in Appendix }J.  The est imated dose
commitments to the maximum exposed individuerl  f rom tr i t ium and part iculate releases at the selected
of fs i te  loca t ion  resu l t ing  in  h ighes t  doses  are  l i s ted  in  Tab le  10 .6 .  Pathways  f rom wh jch  rad ia -
t ion  dose a t  th is  loca t ion  resu l ted  inc ludr :  inha ' la t ion ,  g rouno sh ine ,  cow mi lk  inges t ion ,  and
vegetabl e consumption.

10.3.1.2 Radiat ion Dose Commitments to Poptt lat ions

The est imated radiat ion dose commitments to the populat ion within a 50-mi ' le radius of the Three
l i ' l i le Is land nuclear plant f rom tr i t ium and part iculate releases to the atmosphere are shown in
Table 10.7. Annual natural  background radiat ion doses to the popuiat ion within 50 m' i les would be
370,000 person-rem. The populat ion dose conrmitments from atmospheric releases result ing from the
cleanup operat ion represeri t  an extremely snnl l  increase in the normal populat ion dose due to
background radiat ion sources.
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Table 10.6. Dose Est imates for the Maximum Exposed Individual for Normal" Radioact ive Releases to the Atmosphere during,Decommissioning
and Decontaminat ion of the Faci l i ty

Dose (mrem)aOocument Section
or TabIe Number Desc r i p t i on Total― Body Li  ver

Decontam母 nation

Section 4.5,2

Table 5.4

Table 5。 12
Table 5。 13

Table 6.6

Table 6.8

Table 6.16

Table 7.14

Table 7.31

Table 7.32

T a b l e  7 . 3 3

Tab le  8 .22

Tab le  8 .40

Tab le  8 .62

T a b l e  8 . 6 3

Tab le  8 .64

Decontami nati orr
Total s

0pt ions that

0pt ions that

1.O X 10-3

5,2 × 10-3

1.2 × 10-3
3.4 X 10-■

2.2 X 10-1

5。2 × 10-5

1.3 X 10-1

3.9 × 10-■

(1.3)b

( 1 , 5 )

(120。)

4.3 X 10-3

3.7 X 10-6

2.6 × 10-4

3.3 X 10-4

1.2 X 10-3

1.0 × 10-3

2.3 × 10-2

1.5 × 10-3

1.5 X 10-3

0

3.O X 10‐ 4

0

1 . 7

( 0 )

( 1 , 3 )

(480。)

1.9 X 10-2

1.6 × 10‐5

1.l X 10-3

1.5 × 10-3

5。3 X 10-3

1.O X 10-3

5.3 X 10-3

1.5 × 10-3

3.4 X 10-1

2.2 × 10-1

1.1 ン 10-4

1.3 X 10-1

3.3 X 10-1

( 1 . 3 )

( 2 . 7 )

( 1 1 . )

2.9 X 10-3

3.8 × 10-6

3.7 X 10-4

1.1 × 10-3

1.7 X 10-3

Kr-85 Releases

AFHB Decontaminat ion
and Desludging
RB Decontaminat ion
Lowest tr i t ium est imate
Highest tr i t ium est imate

Removal of RPV Head
and In te rna ls

Core Examinat ion and
Defuel i ng

Decon. of Pr imary
System Components

Processing Accident
and Decon. Water

0pt ion -  Natural
Evaporrt ion of ^
Processed Water"

0pt ion -  Forced
Evaporat ion of SDS/
EPICOB I I  Processed
Water"

0pt ion -  Forced
Evaporat ion of
SDS Processed waterc' f

Process ing  So l id  Wastes

Processing Chemical
Decon.  So lu t ions

Trash Compact ion of
AFHB tlastes

Trash Compact ion of
RB Wastes

Trash Inc inera t ion

result in highest dosed'f

result in lowest dosee

120。

0 . 8

(con t i  nued)
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Table 10.6.  Continued

Dose (mrem)a
Document Section
or Table Number 0escript ion Total― Body Bone Li ver

Decommi ssioni ng

u.14
u.23
u.35

Oecommi ssioni ng
Total s:

DECON activities

SAFSTOR activities

ENTOMB activities

9,O X ■0。6

1.O X 10‐ 5

8.9 X 10‐ 6

4.5 X 10-5

4.3 X 10‐ 5

4.5 X 10-5

4.8 X 10-5

4,O X 10-5

4.8 X 10-5

1,4 X 10-42.8 X 10-5     1.3 X 10-4

aThe special Iocation for which dose estimates are presented here is the nearest cowl
garden location. The doses that are listed here are for the age group (adults, teen-
agers, chi ldren, infants) for which i t  was calculated to be highest.  For this locat ion,
ehi ldren's doses were highest.

bV"lr"a in parentheses represent values for opt ions.
cFour methods were evaluated for disposal of  processed water:  ship offs i te,  natural  evap-
orat ion, forced evaporat ion, and release to r iver.  Atmospheric releases result  f rom the
natural  and forced evaporat ion opt ions only.  Values appear in this table for both.

dBased on forced evaporat ion opt ion for disposal of  processed water,  SDS processing
assumed.

eBased on disposa' l  of  processed water by shipping offs i te or release to r iver,  and lower
tr i t ium range.

fThis al ternat ive results in doses which exceed the numerical  cr i ter ja of 10 CFR Part 50,
Appendix I, with only one pass through the water treatment system.
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Table 10.7. Dose Est imates for the Projected Populat ion in
within 50-i l i le Radius of TMI Result ing from Atmospheric
Releases during Decontaminat ion and Decommissioning of

Year 2010 Residing

tl:d:::年十i,ヽa

Oocument Section Descript ion
50-Mi le Total-Body Populat ion

Dose (person-rem)

Decontamlnation

4 . 5 。2

5 。1 . 5 . 2

5 , 2 . 5 . 2

6 . 3 . 5 。2

6 . 4 . 5 。2

6 . 5 . 5 。2

7 . 1 . 5 , 2

7 . 2 . 5 . 2

7 . 2 . 5 。2

7 . 2 . 5 , 2

8 . 1 . 5 . 2

8 . 2 . 5 . 2

8 。3 . 5 。2

8 , 3 . 5 。2

8 . 3 . 5 . 2

Decontamination

Totals

D e c o r l l m i s s i o n i n g

U 。3 . 4 . 2

U . 4 . 6 . 2

U . 5 。4 . 2

Decommlssloning

Totals

Maintain Reactor in Safe Condit ion
AFHB Decontaminat ion and Desludging
Decontaminat ion of Reactor Bui lding
LorYest tritium range
Highest tr i t ium range

Removal of RPV Head and Internals
Cone Examinat ion and Defuel ing

Decontamination of Primary System
Processing of Water

Option - Natural Evaporation Proc. l{aterc
0pt ion -  Forced Evap. -  SDS/EPIC0R II
Option - Forced Evap. - SDSf
Processing Sol id Wastes
Processing Chemicai Decon. Solut ions
Trash Compaction of AFHB lJastes
Trash Compaction of RB Wastes
Trash Incinerat ion

0pt ions result ing in highest dosed
Options result ing in lowest dosee

DEC0N ac t iv i t ies

SAFSTOR act iv i t ies

ENT0MB act iv i t ies

3 X

2 X

2 X 10-2

6.

4.

2 X 10-3

3.

2.

(30)b

(30)

(400)

2 X 10-2

2 × lo-5

l x 10_3

2 × 10-3

6 × 10-3

400.

10.

6 X 10-5

7 X 10-5

6 X 10-4

1 × 10_3

０

　

０

１

　

１

aAl l  values rounded to one signi f icant f igure. Pathvrays considered were external shine, ground
sh ine ,  inha la t ion ,  meat  consumpt ion ,  vegetab le  consumpt ion  and mi lk  consumpt ion .

bV"lu",  in parentheses represent va' lues for opt ional programs.
cFour methods were evaluated for disposal of  processed water:  ship offs i te,  natural  evapora-
t ion, forced evaporat ion, and release tc '  r iver.  Atmospheric releases resuit  f rom the ni tural
and forced evaporat ion opt ions only.  var lues appear in this table for both.

dBased on forced evaporat iol t  opt ion for ol isposing of,processed water,  modif ied SDS process. ing
assumed,  and h igher  t r i t ium range o f  Sec t ion  5 .2 .5 .2 .

eBased on disposal of  processed water by shipping offs i te or release to r iver,  and lower tr i t ium
range o f  Sec t ion  5 .2 .5 .2 .

fThis al ternat ive results in doses which exceed the numerical  cr i ter ja of 10 CFR part  50,
Appendix I, with only one pass through t,he water treatment system.
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10.3.2 Dose Comm'!_!nren'!g-from Radioactive Liquid Releases to the Hydrosphere

Liquid rar l ioact ive eff luents released to the hydrosphere as a result  of  the Three Mile Is land
cleanup operat ion have been est imated to nesult  in smal l  radiat ian doses to both individuals and
the populat ion. NRC staff  est imates of the expected l iquid releases and the si te hydro' logical
considerat ions (discussed in Appendix U of this statement and summarized in Table hl .7) were used
to ca' lculate ant ic ipated radiat ion dose commitments to individuals and populat ' ions. The nesults
of these calculat ions are discussed below.

10.3 .2 .1  Rad ia t ion  Dose Commi tments  to  Ind iv idua ls

The basis for select jon of individuai receptor locat ions where f ish were caught,  dr inking water
was taken, and shorel ine exposure was received is descr ibed in Appendix t l .  The est imated cumula-
t jve dose commitments to the maximum exposed individual f rom l iquid releases at selected offs i te
loca t ions  are  l i s ted  in  Tab le  10 .8 .

Table 10.8. Dose Est imates for the Maximum Exposed Individual
for Normal Radioact ive Releases to the River
Resu' l t ing from Disposal of  Processed Hater

瑠
瑠
串
母
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育
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Dose (mrem)a
Document
Tab le  No. Descri  pt i  on Total‐ Body Bone L i  ver

Table 7.29

Table 7.30

Table 7.32

Tab]e 7.33

Total  s:

Option -  Release Processed
bJater to River - h
SDS/EPIC0R II  Processing-

Option -  Release Processed
l,later to River SDS
Processi nge

0pt ' ion -  Release of Blowdown
from Forced Evaporat ion of
Processed lJater - SDS/EPIC0R II
Processi ng

0pt ion -  Release of Blowdown
from Forced Evaporation of
Processed Water - SDS
Processi nge

0pt iop  f lesu l t ing  in  H ighes t
Dosest  t  

=

Optiops result ing in Lowest
Doses-

1 . 1

9 . 8

7.7 × 10-1

7.0

9.8

1.5 X 10-3

1 . 2

23.

8.8 X 10-1

16.

23.

2,l X 10-3

1 . 6

1 1 .

1 , 1

8 .

1 1 .

2.3 X 10-3

aThe doser that are l isted here are for the age group (adults,  teenagers, chi ' ldren, infants)
calculated to receive highest dose. The total-body doses are for adults,  the bone doses are
for chi ldren, and the l iver doses are for teenagers.

bFour methods were evaluated for disposal of  processed water:  ship offs i te,  forced evaporat ion,
natural  evaporat ion, and release to r iver.  Liquid releases result  f rom forced evapcrat ion
method (blowdown) and from direct releases to the r iver.  Values' in thjs table appear for both.

cBased on direct release to r iver opt ion, SDS processing assumed.
A' Based  on  d i scha rge  o f  t r ea ted  rou t i ne  ope ra t i ona l  l i qu ids  (Sec .  4 .5 .2 )  and  d i sposa l  o f  p ro -

cessed water  by shipping of fs i te  or  by natura ' l  evaporat ion.
eThis opt ion resul ts  in  doses that  exceed the numer ical  cr i ter ia  of  10 CFR Part  50,  Appendix I ,
with only one pass through the water treatment system.
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0.3.2.2 Radiat ion Dose Commitments to Populat ions

he est imated annual radiat ion dose commitments to an assumed populat ion of 2.2 mi l l ion dr inking-
taten consumers downstream of the Three Mile Is land nuclear plant are shown in Table 10.9.
iackground radiat ion doses to the same populat ion would be 255,000 person-rem. The dose commit-
rcnts from l iquid releases from the Three Mile Is land cleanup operat ion represent an extremely
;mal l  increase in the normal populat ion dose due to background radiat ion sources.

-0.3.3 Transportat ion of Radioact ive Mater ial
'he transportation of TMI waste from the reactor to burial grounds is within the scope of the NRC'ePort ent i t led, "Environmenta' l  Survey of Transportat ion of Radioact ive Mater jals to and from
luclear Power Plants."s The est imated populat ion dose commitments associated with transportat ion
l f  fue ls  and wastes  ane l i s ted  in  Tab le  10 .10 .

Table 10.9. Dose Est imates to the Populat ion Residing Downstream
of Tt l I  Result ing from Normal Radioact ive Releases of

Processed Water to the River

Document
Sect ion Descri  pt i  on

Do甘
::と
ri:普

r::Rど|:協;8n
7 . 3 . 5 . 2

7 . 3 . 5 。2

7 . 3 . 5 。2

7 . 3 . 5 . 2

Totals:

600

900

0.02

:8:':‖I[。lel骨
a;景
。:き::早景38d Water to River ‐

88:ギ:‖。ceS:IR38e ProCessed Water to River ―

:3::81aitS景
18]Sir8:e:::苫d品

晋tefr:m Forced
SDS/EPICOR II Processing

Opt,On ‐ Release of Blowdown from Forced

:きSp:;8::g]キR[eProcessed Watel ―

8:ti8‖: ‖::‖|:i骨3 キ骨 |:品を:itd::::SC'e

30

900

aAl l  va lues rounded to one s igni f icant  f igure.  Pathways considered were dr ink ing
water  consumpt ion and spor t  f ish consumpi ion.

bFour methods were evaluated for  d ' isposal  of  processecl  water :  sh ip of fs i te ,  natura l
evaporat ion,  forced evaporat ion,  and re lease to r iver .  L iquid re leases resul t  f rom
the forced evaporat ion method (b lowdown) and f rom di rect  re leases to the r iver .
Values in  th is  table appear for  both.

cBased on the opt ion of  d i rect  re lease to r iver ,  SDS processing assume,J.
tl-Based  

on  d i scha rge  o f  t r ea ted  r c ru t i ne  ope ra t i ona l  l i qu ids  (Sec t i on  4 .5 .2 )  and  d i sposa l
of  processed water  by shipping of fs i te  or  by natura l  evaporat ion.

eThis opt ion resu ' l ts  in  doses thar t  exceed the numer ical  cr i ter ia  of  10 CFR Part  50,
Appendix I ,  wi th only  one pass t ,hrough the water  t reatment  system.
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to the Populat ion Residing Along Transport  Routes
Grounds - Decontaminat ion and Decommissioning

Document Section
or Table No. Descri  pt i  on

P?:普
:]:i!le♀;Se

Decentami nati on:
S e c t i o n  9 . 5 . 1 . 2

SlctSon 9.5.1.2

!:!!:」E!!!」!1111」!Sis:どi!:!口と:」Eと【1:

Totals:

Dose to  pub l i c
routes ( lcngest

Range

residing along transportat ion
route)

20-50b

2‐7

5-10

100

100-200

aAl l  est imates rounded off  to one signi f icant f igure.
h-Range ref lects di f ferent assumpt 'Jns on length of route: the longest route est imate
is based on 700,000 persons resir . 'ng along ihe 2750 ni ' le route and calculated for the
persons in an area between 100 f t  and t  mi le on ei ther side of the route, assuming
330 persons-per square mi le,  10 mrem/hr dose at 6 f t  f rom the vehicle and each ship-
ment travel ing 200 mi ' les per day. The shortest route is based on the same assump-
t ions as above except that 125,000 persons are assumed to reside along a 370-milb
route.

tAssumes an individua' l  spends 3 minutes at an average of 3 f t  f rom the loaded truck
and that 10 persons are exposed during each shipment.

10.3.4 Radiolog_ical  InpEct on Man

Based on the NRC staff 's evaluat ion of the potent ial  performance of c leanup ai ternat ives, . i t  is
concluded that the cleanup can be accomplished within the dose design object ives of 10 CFR part  50,
Appendix I .*  In Table 10.11, the calculated maximum individual doles ior the ent ire cleanup
Program for each opt ion are compared to the dose design object ives for atmospheric and l iquid
re' leases. The est imated doses in Table 10.11 represent the total  dose commitment over the ent ire
decontaminat ion_program, which wi l l  last severai  years, whereas the Appendix I  values in the
table are annual dose values. Upon comparing the est imated values in Tal le 10.11 to the design
object ive values, al1 opt ions, except for I 'orceci  evaporat ion of the SDS processed water and
direct release of water that has received only one pass through the SDS system to the r iver,  are
est imated to meet the annuai Appendix I  design cr i ter ia and l0 cFR part  20.

In Appendix I  dose desi,gn object ives are def ined as the as low as reasonably achievable (ALARA)
requirements for norma' l ly operat ing reactors and were not intended to apply to the post-atcident
si tuat ion at TMI-2. Nevertheless, these objrrct ives do serve as a basis ' io i  comparing the magnitude
of potent ial  c leanup releases to the potent ial  radiological  environmental  impact oia norma"' l ly
operat ing reactor.  Furthermore, as descr ibed in Appendix R, the staff  proposed that the dosi
des ign  ob jec t ives  be  app l ied  as  techn ica l  spec i f i ca t ion  l im i ts  fo r  the  purpose o f  the  decon-
taminat ion  opera t ion .  Even i f  the  o f fs i te  d r :ses  are  as  h igh  as  the  Append ix ' I  d r ,s ign  ob jec t ives ,
the  max imum ind iv idua l  doses  w i I I  s t i l l  be  re la t i ve ly  smal I  when co in i la red  w i t l r  e i fher  ia tu ra l
background doses (t116 mrem/yr)-or of . the dose l im- ' i - ts specif ied in 10 CFR Part 20 (500 mrem/yr).
As  a  resu l t ,  the  s ta f f  has  conc luded tha t  th r : re  w i l l  be  no  s ign i f i can t  rad io log ica l  impact  o i  man
from the decontaminat ion operat ion.

Dose to  the  pub l ic  res id ing  a long
transportation routes:

Longest route
Shortest route

Dose to onlookers whi le vehicle is stoppedc
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Table 10.1.1. Dose Est imates for the l ' laximum Exposed Individual
for Entir": Decontamination Prognam for Each

Processed Accjdent Water Disposit ion Alternat ive, and
Comparison with 10 CFR 50 Requirements

Dose (mrem)a
(Total -body/max. organ)

optionb Estimated
Val ue

Appendix I ,
10 CFR 50 Value

f{qo-Elerjg-lg]espee,
1.  Ship processed water  of fs i te

2. N.rtunal Evaporation to Atmosphere
3. Forced Evaporation to Atmosphere -

SDSiEPICOR II  Processing

4. Forced Evaporation to Atmosphere
SDS Processing

5. Release Uater to River -  SDS/
EPIC0R II  Processing

5. Release lJater to River
SDS Process' ing

L iqu id  Re leases :

1. Ship processed water offs i te

2. Natural Evaporation to Atmospherec

3. Forced Evaporation to Atmosphere
SDS/EPICOR II  Processing

4. Forced Evaporation to Atmosphere
SDS Processing

5. Release I ' later to River -  SDS
EPICOR II  Processing

5. Release l{ater to River
SDS Processing

0.8/1.8

2.1/2,o

2.3/3.4

120。/480.

0.8/198

0。3/1.8

,0015/.0023

.0015/,0023

0.8/1.1

7.G/16.

1.1/1.6

9.8/23.

―/15

‐/15

-/15

-/15

-/15

-/15

3/10

3/10

3/10

3/10

3/10

3/10

aTh" dot" est imates represent the contr ibut ion of al l  decontaminat ion programs
for the ent ire cleanup.

bDose est jmates are l isted separately for atmospheric releases and l iqu' id
releases, rather than adding them together,  because di f ferent indivjduals are
genera' l ly considered to be involved, and because the 10 CFR 50 dose objec-
t ives are di f ferent for each.

cA smal l  f ract ion of water vapor may precipi tate as rain over the Chesapeake
Bay watershed.
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Radiological  doses to the general  publ ic from normal operat ion of the decontaminat ion program may
r e s u l t  i n :

a. Late somatic effects in the form of fatal  and non'fatal  cancerin var ious body organs,
fol lowing age- and organ-spec' i f ic latency periods with ' in the exposed populat ion,-and

b. Fatal  and non-fatal  genet ic disorders in future generat ions of the exposed populat ion.

Est imates of these health effects,  which could occur randomly in an exposed populat ion, are
normal ' ly based on est imates of cumulat ive populat ion dose expressed as person-rems (average dose
X number of people receiving dose).  Populat ion health effect est imates presented in this state-
ment ref lect the total  ef fect incurred by the populat ion from al l  c leanup act iv i t ies at TMI. In
order to quant i fy individual r isks, ca1cuiat ions are also made here for the maximum exposed
individual.  Absolute r isk est ' tmators of 135*' t  deaths from latent cancer per 106 total-body
person-rems in the exposed popu' lat ion and 258 cases of genet ic disorders per 106 total-body
person-rems in the future generat ions of the exposed populat ion were derived from the 1972 BEIR
report  and the Reactor Safety Study (t lASH-1400, 0ciober 1975).  This derivat ion assumes a
l inear ,  nonthnesho ld  dose-e f fec t  re la t ionsh ip  a t  a l l  sub le tha l  dose leve ls . f  To ta l  body  cancer
r isk est imators are used because they are larger than those for bone or l iver. f f

Us ing  the  above r i sk  es t imators  fo r  cancer  deaths  and genet ic  d isorders ,  hea l th  r i sks  as  a  resu l t
of  releases from Tl{ I  were calculated for the populat ion residing around TMI and for the maximum
exposed ind iv idua l .  Hea l th  r i sks  a lso  were  ca lcu la ted  fo r  the  popu la* " ion  res id ing  a ' long  the
transport  route to waste disposal grounds. The results of these calculat ions are descr ibed
bel ow.

Table 10.12 l ists the expected number of cancer deaths or genet ic abnormal i t ies, designated as
ra tes ,  fo r  the  50-mi le  popu la t ion  c f  2 .2  mi l l ion  peop le  a round TMI  as  a  resu l t  o f  decontaminat ion
act iv i t ies. As these values are much less than 1 they suggest that i t  is very unl ikely that a
future cancer death occurs in the exposed populat ion over the remaining l i fet ime of the popula-
t ion, or that a genet ic abnormal i ty occurs in the rrext 5 generat ions of the exposed populat ion
that could be associated with the clean-up operat ion. A better appreciat ion of the meaning of
the numeric values in Table 10.1.2 can be gleaned by comyarison of the rates of Table 10.12 to
expected cancer death rates and genet ic abnormal i ty rates from causes other than TMI releases in
the same populat ion.-  For exanrple, in 1976, about 20 percent of al1 deaths in the United States
were  due to  cancer .6  I f  those s ta t i s t i cs  a re  app l ied  to  the  2 .2  mi l l ion  peop le  l i v ing  w i th in
50-mi les  o f  TMI ,  the  number  o f  peop le  in  th is  popu la t ion  expec ted  to  d ie  o f  cancer  i s  440,00G.
This number can be d' i rect ly compared to the numeric rates in Table 10.12. This comparison
indicates that the incremental  chance of fatal  cancer to the populat ion or to an average' inr i iv id-
ua l  in  the  popu la t ion  due to  the  decontaminat ion  ac t iv i t ies  i s  in  the  range o f  1  chance in  400
mi l l ion  to  1  chance in  4  mi ! l ion ,  depend ing  on  the  decontaminat ion  op t ion  tha t  i s  chosen.

The same type of est imates for the populat ion residing along the transport  route (700,000 people)
are  l i s ted  in  Tab le  10 .13 .  A  s imi la r  compar ison  o f  the  numer ic  ra tes  in  Tab le  10 .13  to  the
number of individuals in the populat ion along the route who are expected to die of cancer (20 per-
cent of 700,000 = 140,000) indicates that the incremental  chance of fatal  cancer to the popula-
t ion  a long the  rou te  o r  to  an  average ind iv idua l  a long the  rou te  i s  1  chance jn  20  mi l l ion  due to
shipments of decontaminat ion wastes.

BEIR- I  descr jbes  the  normal  inc idence o f  d iseases  jn  wh ich  there  is  some ev idence as  be ing  asso-
c ia ted  w i th  a  genet ic  component  abnormal i l ; y  as  6  in  100,  o r  6  percent  (p .  57 , ' [ab1e 4 ,  o f  Ref .
2).  In a simi lar fashion as was done for cancer death rates, the genet ic abnormal ' i ty rate due to

*Append i x  R  desc r i bes  p roposed  mod i f i ca t i ons  t o  t he  p lan t ' s  ope ra t . i ng  t echn i ca l  spec i f j ca t i on
v rh i ch  w i l l  impose  the  10  CFR Par t  50  Appe rnd i x  I  des ign  ob jec t i ves  as  ope ra t i ona l  l im i t s .

* *Th i s  va lue ,  135 ,  i s  s l i gh t l y  g rea te r  t han  the  r i sk  es t ima to r  (131 )  used  fo r  occupa t i ona l  dose
e f fec t s  because  o f  age  d i s t r i bu t i on  d i f f e rences  i n  t he  two  popu la t i ons .  The  occupa t i ona l
popu la t i on  exc ludes  i nd i v i dua l s  l ess  t han  18  yea rs  o f  age .

tDe ta i l s  o f  t he  de r i va t i on  o f  r ad ia t i on - i nduced  hea l t h  impac ts  on  man  a re  p rov ided ' i n  Append i x  Z .

t tThe r isk est imates are 7 deaths and less than 22 deaths per  106 person-rem for  bone and l iver
respecti vel:v.
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Table 10.12.  Est imates of  Cancer Death Rate and Genet ic
Abnormal i ty  Rate for  Exposure of  the Populat ion

around TMI due to Releases f rom Decontaminat ion fqr
the  Range  o f  P rocess ing  and  D isposa l  A l t e rna t i veso

Rateb
(dea ths  o r  abno rma l i t i es
o e r  2 . 2  m i  I  I  i o n  p e o p l e )

Decontami nation
Opti  on

Est i  mated
Dose

(person-rem
total body)

Cancer Fatal  -  Genet ' i  c
i ty over Abnormal i tY
Remain ing  over  Next  5
Li  fet ime Generat i  ons

Ship processed water
of fs i te

Forced evaporation
of - SDS
processed water

10

_3
l X 10

l X 10-1

3 × 10-3

3 × 10-1

aA l l  es t ima tes  rounded  o f f  t o  one  s ign i f j can t  f i gu re .
h"Populat ion death or  abnormal i ty  rate est imates are expected to be

s l i gh t l y  sma l l e r  t han  the  va lues  p resen ted  he re  because  the  yea r
2010  popu la t i on  es t jma te  o f  3 .2  m j l l i on  peop le  was  used  fo r  dose
est imates f rom atmospher ic  pathways.

Table 10.13.  Est imate of  Cancer Death Rate and Genet ic
Abnormal i ty  Rate for  Exposure of  the Populat ion

Res id ing  a long  T ranspo r t  Rou tes

Rateo
(dea ths  o r  abno rma l i t y

p e r  7 0 0 , 0 0 0  p e o p l e )

Activity

Cance r  Gene t r i  c
Fata l  i  ty  Abnorm.t '  i  ty

ove r  Rema in -  ove r  Nex t  5
i  ng L i  f  e t i  me Generat ' i  ons

Range of

(per::景:rem)b

Decontami nat i  on

Decommi ss i  oni  ng

20-50

100

7 X 10-3

1 × 10_2

l x 10_2

3 X 10-2

aRa te  es t ima tes  based  on  uppe r  l im j t  o f
bA l l  va lues  i n  t ab le  have  been  rounded

f i  gu re .

range .

of f  to  one

…

…
勢
，表
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垂

s i g n i  f i c a n t
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the decontaminat ion and deconmissioning act iv i t ies at Tt l I  can be compared to the incidence of
diseases related to genet ic abnormal i t ies from causes cther than TMI releases. For the 2.2 mi l t ion
people in the 50-miIe radius around TMI the expected incidence of non-TMI related genet ic abnor-
mal i t ies  i s  132,000 (0 .0S x  2 .2x  LOG = 132,000) .  Compar ing  th is  uo  the  ra tes  o f  Tab le  t0 .12
indicates that the jncremental  chance of a genet ic abnormal i l ies to descendants of this populat ion
or to an average exposed individual in i t  over the next f ive generat ions ranges from 1 chance jn
40 mil l ion to 1 chance in 400 thousand, depending upon the decontaminat ion opt ions which are
used.

In  a  s imi la r  fash ion ,  fo r  the  700,000 peop le  res id ing  a long the  t ranspor ta t ion  rou te  i t  i s  es t i -
mated that the expected incidence of djseases re1ated to genet ic abnormal i t ies from causes other
than transport  of  TMI waste is 42,000 (0.06 x 700,000 = 42,000).  Comparing this to the rates of
Table 10.13 indicates that the incremental  chance of a genet ic abnormal i ty in descendants of the
populat ion or in descendents of an average exposed individual over the next f ive generat ions is
1 chance in 4 mi l l ion due to radiat ion exposure along the transport  route.

The total-body dose to the maximum exposed individual near TMI for the opt ion involving shipping
processed water offs i te was est imated to be 0.8 mrem. The maximum individua' l  dose is about 600
t imes la rger  than the  average ind iv idua l  50-mi le  popu la t ion  dose fo r  the  op t ion  invo lv jng  sh ' ipp ing
of water offs i te.  The incremental  chance of cancer death to the maximum exposed individual
was est imated to be I  chance in 2 mi l l ion, and the incrementa' l  chance of a genet ic abnormal i ty to
the descendants of the maximum exposed individual in the next f ive generat ions was 1 chance in
300,000. I f  some other opt ion is used for processing and disposa' l  of  the water the result ing
max imum ind iv idua l  dose w i l l  be ] im i ted  to  the  requ i rements  o f  l0  CFR Par t  50 ,  Append ix  I ,  on  an
annual basis,  which would result  in an increased chance of cancer death of I  chance in 100,000,
and an increased chance of a genet ic abnormal i ty ' in the next f ive generat ions of I  chance in 20,000.

0n the basis of the smal l  l ikel ihood oi-  increased incidence of cancer deaths or genet ic abnor-
mal i t ies fron decontaminat ion and decommissioning act iv i tes, the staff  has concluded that the
r isk  to  the  pub l ic  hea l th  and sa fe ty  w i l l  be  ins ign i f i can t .

10.4 DOSES FROM POSTULATED ACCIDENTS

10.4.1 Dose Commitments from Accidental  Radioact ive Releases to the Atmosphere

The quant i t ies of radioact ive mater ial  that may be released from postulated accjdents are derived
based on the s-vstems described in this document and assumed fai lure scenarios. The I icensee's
si te and environmental  data provided in the environmental  report  and in subsequent answers to NRC
sta f f  ques t ions  re la t ing  to  th is  PEIS are  used ex tens ive ly  in  the  dose ca lcu la t ions .  These
quant i t ies of radjoact ive mater ials reieased and the exposure pathway informatjon are used to
est imate the dose commitments to individuals.  The calculat ional methods that were used throughout
this statement for est imating offs i te doses were those of Regulatory Guide 1.109.3 Since Regula-
tory Guide 1.109 is for a normal operat ing reactor,  certain minor nodif icat ions were made to take
into account the short  t ime period of accidental  release. These modif icat ions are discussed in
Appendix I'1.

The dose commitments from accidents postulated in this statement represent the total  dose received
over a period of 50 years fol lowing the intake of radioact iv i ty for one year under the environ-
mental  condit ions exist ing during the cleanup period. For the younger age groups, changes in
organ mass with age after the ini t ia l  intake of radioact iv i ty are accounted for in a stepwise
manner.

10 .4 .1 .1  HEPA F i ' l te r  Fa i ' lu re  dur ing  Decontaminat ion  0pera t ions

During decontaminat ion operat ions, dust and radioact ive part ic les can become airborne and enter
the  bu i ld ing  vent i la t ion  sys tems.  To  min imize  re leases  o f  rad joac t ive  par t i c ' les  to  the  env i ron-
ment ,  the  bu i ld ing  a i r  i s  d rawn th rough the  p lan t  ven t i la t ion  sys tem.  The vent i la t ion  exhaust
sys tem cons is ts  o f  a  p re f i l te r ,  HEPA f i l te r ,  adsorber  (charcoa l )o  and f ina l  HEPA f i l te r .  The
pre f i l te r  p rov ides  a  measure  o f  p ro tec t ion  fo r  the  HEPA f i l te rs  ins ta l led ' in  the  exhaust  ven t ' i l a -
t ion  sys tem-  The HEPA f i l te rs  a re  h igh ly  e f f i c ien t  fo r  a l1  par t i c le  s iz -es .  A  min imum ef f i c iency
of  99 .97  percent  fo r  ins ta l led  HEPA f i l te rs  i s  based on  the  most  penet ra t ing  par t i c les  (0 .3  mm).
The f i rst  FIEPA f i l ter i  n the system col lects most of the radioact ive mater ial  .  I f  the f i rst
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HEPA f i l ter  fa i led,  the second f i l ter  would col lect  most  of  the mater ia ls  re leased f rom the f i rs t
f i l ter .  The dose est imates summarized in Tab' le  10.14 are based on the assumpt ion that  both
f i l t e r s  f a i l  s imu l taneous l y .  Fo r  mos t  ope ra t i ons ,  even  i f  bo th  f i l t e r s  f a i l ed  s imu l taneous l y ,
doses would be wi th in decontaminat ion operat ion requi rements (Appendix R).  I f  on ly  the f i rs t
HEPA f i l ter  fa i ls ,  the expected dose would be much smal ler  than those l is ted in  the table and
would be wi th in regulatory cr i ter ia  of  10 CFR Part  50,  Appendix I ,  for  normal  operat ing reectors.
Even i f  both f i l ters fa i led,  the resul t ing of fs i te  doses for  a l l  acc idents would be wi th in
requirements of 10 CFR Part 20.

Table 10.14. Dose Est imates for the Maximum Exposed Individual
Caused by a HEPA F' i l ter Fai lure during Specif ic

Decoritamj nation Operati ons

Dose (mrem)a
Tabl e
Number

Decontami nati on
0perati on Total― Body Bone Li  ver

1.4 X 10-2

1.9 × 10‐1

2,2 X 10-2

12.

1.8 X 10-3

3.2 X 10‐ 3

2.8 X 10-1

1 . 3

2.8 X 10-1

aDores were calculated for total-body, Gl- tract,  bone, 1iver.  k idney, thSrroid, lung
and skin. The maximum three organ doses are l isted in this table. Doses were
calculated for four age groups; adults,  teenagers, chi ldren, and infants. The
dose est imates are for the nearest cowlgarden locat ion (1.05 mi les east).  The
dose est imates presented in this table are for chi ldren.

For  the  fo l low ing  reasons ,  the  probab i l i t y  o f  bo th  HEPA f i l te rs  fa i l ing  s imu l taneous ly  i s  very
smal l .  The most  l i ke ly  cause o f  HEPA f i l te r  fa i lu re  wou ld  be  overpressur iza t ion .  Dur ing  opera-
t fcn of the system, overpressurizat ion can occur due to heavy bui ldup of part icu' late mater ial  on
the f i l ter.  However,  each HEPA f i l ter in the vent i lat ion exhaust system is provided with pressure
indicat ion. High pressure di f ferent ia ' l  across a f i l ter wj l l  set of f  loc: l  aird remote alarms
which would alert  the operators to take at: t ion, such as shutt ing the system down.

Even i f  no act ion rvere taken to al leviate a HEPA f i l ter overpressurizat ' ion and the f i l ter fai led,
the part iculate matter that would come ol f  the fai led f i l ter would col lect on the second down-
stream HEPA with a removal ef f ic ienc.y of 99.97 percent.  For there to be a signi f icant release to
the environment,  both HEPA f i l ters in thc vent i lat ion system would have to fai l  s imultaneous' ly.

5 . 5

5 . 6

5。14

'.15

7.16

7.17

7.18

7.19

7.20

Surface Decontami nation
Operat ion in AFHB

Desludging Operat ions
in AFHB

Decontamination of Reactor
Bui 1 di  ng

Processing Reactor Bui ld i i rg
Sump Water

Processing Reactor Bui lding
Decontaminat ion Water

Processing Chemical Decontami-
nat ion Water

Processing RCS Accident
Water

Processing RCS Flush and
Drai n l{ater

Processing RCS Decontaminat ion
Water and RCS Chemical Decolrta-
minat ion Water

4.2 X 10-3

2.O X 10-1

1.3 X 10-2

3 . 3

5.2 X 10-4

9.7 × 10-4

1 . 5

7 . 5

1 . 5

1.8 X 10-2

8.5 X 10-1

5。9 × 10-2

16.

2,3 X 10-3

4.2 X 10-3

6 . 0

30.

6 . 2
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S jnce  a  f a i l u re  o f  a  s i ng le  f i l t e r  i n  t he  se r i es  w i l l  no t  r esu l t  i n  doses  i n  excess  o f  r egu la to ry
cr i ter ia  for  normal  operat ing reactors (10 CFR Part  50,  Appendix I )  or  in  excess of  those descr ibed
in  Append i x  R  o f  t h i s  s ta temen t ,  and  s ince  the  chance  o f  a  mu l t i p l e  f a i l u re  i s  h igh l y  un l i ke l y ,
the staf f  concludes that  the HEPA f i l ter  fa i ' lure accident  scenar io does not  pose a s igni f icant
level  of  r isk to the publ ic  heai th and safety.

10 .4 .1 .2  Con tam ina ted  Ma te r i a l  F i re

Most  of  the contaminated mater ia l  onsi te is  water ,  s ludge,  ion-exchange media,  and bui ld ing and
equipment  sur face mater ia ls  that  wi l l  not  support  combust ion.  However,  there are large quan-
t i t i es  o f  r ags ,  b lo t t e r  papeF ,  p las t i c  shee ts ,  e t c . ,  used  fo r  decon tam ina t i on  ac t i v i t i es .  l . Jhen
these mater ia ls  become contaminated,  they are usual ly  co l lected in  p last ic  bags,  compacted in
steel  drums,  and p laced in temporary storage pr ior  to  of fs i te  shipment  for  d isposal .  There are
a l so  s i gn i f i can t  quan t i t i es  o f  non -compac t i b l e  con tam ina ted  ma te r i a l s  such  as  l umber ,  t oo l s ,  pump
casings,  etc . ,  which are col lected in  wooden boxes and p laced in temporary storage pr ior  to
of fs i te  shipment  for  d isposal .  A f i re  in  the storage area conta in ing packaged drums and boxes is
considered a credib le accident .  An analys is  of  f i res in  barre ls  of  contaminated t rash in  a fuel
reprocessing p lant  jnd icates that  the f ract ion re leased f rom such f i res is  8 x  10-7 of  the tota l
ac t i v i t y  p resen t .  Us ing  th i s  mode1 ,  t he  l a rges t  re lease  ana l yzed  (Sec t i on  8 .3 .4 .2 )  i s  app rox i -
ma te l y  3  x  10 -8  pC i  w i t h  t he  rad ionuc l i de  d j s t r i bu t i on  l i s t ed  j n  Tab le  8 .53 .  The  es t ima ted  dose
resul t ing f rom th is  re lease to the maximum exposed indiv idual  is  6.5 mrem for  to ta l -body,29 mrem
fo r  bone ,  and  8 .5  mrem fo r  l i ve r .  Th i s  acc iden t  i nvo l v j ng  a  f i r e  i n  a  l ow  l eve l  was te  s to rage
area does not  resul t  in  of fs i te  doses in  excess of  the requi rements of  10 CFR Part  20.  0n th is
basis,  the staf f  concludes that  th is  type of  acc ident  does not  pose a s igni f icant  r isk to the
publ ic  heal th and safety.

10.4.1.3 Breach of  a Waste-Conta ' in ing Package

The staf f  has evaluated the consequences of  breaching a package conta in ing spent  ion exchange
med ia ,  spen t  f i l t e r s ,  compac t i b l e  t r ash ,  noncompac t i b ' i e  t r ash ,  m i r ro r  i nsu la t i on ,  o r  i nc ' i ne ra to r
ash f rom a postu lated drop of  the package and i ts  contents.  The dropping of  a waste package and
the resul t ing breach and re lease of  a por t . ion of  the contents of  the package,  is  considered a
credib le accident .  The est imated doses to the maximum exposed indiv idual  resul t ing f rom th is
type of  acc ident  for  a var iety  of  waste-conta ' in ing packages are l is ted in  Table 10.15.  Wi th the
except ion of  the accident  involv ing the postu lated drop of  a spent  l iner  generated f rom the
processing of  pr imary system water  through modi f ied EPIC0R I I ,  none of  the breach accidents
I i s ted  i n  Tab le  10 .15  resu l t s  i n  o f f s i t e  doses  i n  excess  o f  t he  requ i remen ts  o f  10  CFR Par t  20 ,
and only a few are above normal  requi rements descr ibed in Appendix R.  In order  to mi t ' igate the
consequences  o f  a  pos tu la ted  d rop  o f  a  mod j f i ed  EP ICoR I I  zeo l i t e  l i ne r  used  fo r  p rocess ing
pr imary system water ,  the l icensee wi l l  be requi red to e i ther  adminis t rat ive ly  contro l  the cur ie
i nven to ry  on  the  zeo l i t e  l i ne r  o r  des ign  and  tes t ,  p r i o r  t o  ac tua l  use ,  a  l i ne r  wh i ch  w i l l  be
capab le  o f  w i t hs tand ing ,  w i t hou t  b reach ing ,  t he  wo rs t - case  acc iden t  ( i . e . ,  t he  h ighes t  d rop  on to
an  unye i l d i ng  su r face )  i n  t he  even t  mod i f j ed  EP IC0R I I ' i s  app roved  fo r  p rocess ing  p r imary  sys tem
water .  0n th is  basis ,  the staf f  concludes that  none of  the breaching accidents l is ted in
Tab le  10 .15  poses  a  s i gn i f i can t  r i sk  t o  t he  pub l i c  hea l t h  and  sa fe t y .

10 .4 .1 .4  Veh i c l e  Acc jden t  A long  T ranspo r t  Rou te

To  a r r i ve  a t  a  rea l i s t i c ' rwo rs t - case "  scena r i o  f o r  a i rbo rne  re leases  resu l t i ng  f r om a  t ruck
transport  acc ident ,  the staf f  assumed that  a Type B conta iner  would break preceding a f j re  of  the
package.  Data f rom other  sources suggest  that  a re lease f ract ion of  10-5 could be expected f rom
such an accident .  The tota l -body dose f rom such an accident  under assumed meteorological  condi-
t ions was est imated to be 100 mrem. The est imated dose indicates that  th is  acc ident  wi l l  not
exceed the requi rements of  10 CFR Part  20 and probably not  exceed those of  10 CFR Part  50,  Appen-
dix  I ,  as the assumed meteorological  condi t ions are considered upper bound condi t ions.  0n the
bas i s  o f  t hese  resu l t s ,  t he  s ta f f  conc luded  t f r a t  t h i s  acc iden t  scena r i o  w i l l  no t  r esu l t  i n  s i gn i -
f icant  impact  to  the envi ronment  or  r isk to thre publ ic .

10 .4 .1 .5  Sp i l l  o f  Reac to r  Coo lan t  Sys tem L iqu id  i n  Reac to r  Bu i l d i ng

The staf f  has evaluated the consequences of  r ;p i l l ing reactor  coolant  system (RCS) water  in  the
reactor  bui ' ld ing whi le  the pr imary system pumps are operat ing.  For  the purpose of  est imat ing
consequences ,  10  pe rcen t  o f  t he  l i qu id  was  a : ; sumed  to  sp i l l  i n  t he  reac to r  bu i l d i ng  (2000  C i ) .
About  0.1 percent  of  th is  would become ai rborne in the reactor  bui ld ' ing atmosphere and about
0.1 percent  of  the a i rborne f ract ion could be expected to pass through the HEPA f i ' l ters.  The
resul t ing dose to the maximum er-posed of fs i te  ind iv idual  was est imated to be 1.5 mrem to the
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total  body, 5 mrem !9-the bone, and 0.26 mrem to the l iver.  These values are wel l  below therequirements of 10 cFR Part  50,-Appendjx I ,  ior-no"r i r  operet ion and of 10 cFR part  20. 0n thisbasis,  the staff  concludes tnai  t t i is type of acciaent ioes not pose a signi f icant r isk to thepub l ic  hea l th  and sa fe ty .

10'4'2 Dose Commitments from Accidental  Radioact ive Releases to the Hydrosphere
Accidental  radioact ive eff luent releases to_t^he. Susquehanna River that may occur during thecleanup operat ion are descr ibed in sect ion 7.2 1r t- t t - i r  statement.  s i te hydrological  consider-at ion for accidental  releases are simi lar to trrose ior-normal decontaminat ion releases which arepresented-in Appendix l { .  The di f ferences are discussed in the sect ions of this document wherethe actual calculat ions are presented. The resuit i  o i- i r . t "  postulated accident are summarized jnTab le  10 '16 '  The type o f  ac i ident  tha t  was  cons idered in  th is  document  invo lves  the  fa i lu re  o f  aprocessed water storage tank and subseq.uent-- leakage of i ts contents into the east channel of  thesusquehanna River.  Trr is accident and i ls errect i l ""  

'o i ' r . rrsed 
be. l  ow.

Tab le  10 .15 .  Dose Es t imates  fo r  the  Max imum Exposed Ind iv iduar
caused by Breaching a package containing naaioai[ iv l -waste

Table

Number Type of Waste
Dose (mrem)

Total -Body Bone L i v e r

8.23

8,24

8.25

8.26

8,27

8.28

8.29

8。30

8.31

8.32

8.41

8.66

8.67

8.68

8.69

1 . 7 ×

5 . 8 ×

3 . 0 ×

1 . 6 X

4 . 6 X

3 . 0 ×

10-1

10_3

10_2

10_2

10_2

10_3

6 . 7 X

3 . O X

l . 3 ×

6 . 6 X

2 . 0 ×

1 . 3 ×

10-1

10_4

10-1

10_2

10-1

10_2

2 . 3 X

4 . 5 X

2 . 2 ×

6 . 5 ×

4 . 5 X

10_4

10_2

10_2

10_2

10_3

SDS-Reac to r  Bu i l d i ng  Sump
Water  Zeol  i te

SDS-F i  l t e r  Assemb ly

SDS Ca t i on  L ine r

SDS M ixed -Bed  L ine r

EP IC0R I I -AFHB;  P re f i l t e r  L i ne r
EP ICOR I I -AFHB;  Ca t i on  L ine r

EP ICOR- I I -AFHB;  M ixed -Bed  L ine r
Mod i f i ed  EP IC0R I I -P r imary  l Ja te r ;
Zeo l  i t e  L i  ne r

Modi  f  ied EPIC0R I I -Pr imary l , /a ter ;
Ca t i on  L ine r

Mod i f i ed  EP IC0R- I I  p r imary  Wa te r ,
M ixed -Bed  L ine r

AFHB &  Reac to r  Bu i l d i no
Chemical  Decont ,ami  nat , i i r i

Compact ib le Trash

Noncompac t i b l e  T rash

Mi r ro r  I nsu la t i on  T rash

Compac t i b l e  Ash

8.l x lo-4

5.7 X lo-3

1.6 X lo-3

1.2 × 10-1

16.

1 . 6

3,9 X 10-2

700

3 . 7

3.7 X 10-3

2.2 X 10‐ 2

6.4 × 10-3

4.6 X 10-1

76.

6 . 3

1.7 × 10-1

2900

15.

2.8 × 10-3

3.l x lo-4

1.5 X 10…6

1.5 × 10-4

88.

6 . 5

2.O X lo-1

790

4.6 X 10-3

2.0 × lo-4
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Table 10.15. Dose Est imates for the Maximum
Exposed Individual Caused by Breaching

a Processed brlater Storage Tank
and Releasing Contents into the

East Channel of  the Srrsquehanna River

Tabl  e
Number

Processi ng
Opti  on

Dose (mrem)a

Total  -Body Bone  L i ve r

H i塾上iV e r _里OW b｀

7.34          SDS

Low River Flowi

0。95

56/kg fish
consumed

470/kg fish

consumed

2.2   1.1

7.35

7.35

SDS/EPICOR II

SDS

aTotal -body 
dose est , imates are ior  adul ts ,  bone dose

es t ima tes  a re  f o r  ch i l d ren .  and  l i ve r  dose  es t ima tes
are for  teenagers.

h" "H igh  r i ver  f low"  fo r  the  purposes  o f  th is  tab le  i s
de f jned as  tha t  r j ver  f low wh ich  causes  over topp ing  o f
Red H i l l  Dam.  "Low r iver  f low"  i s  de f ined as  tha t
r i ver  f low wh ich  does  no t  cause Red H i l l  Dam
to overtop.

10,4.2.1 Fai lure of  Processed I 'Jater  Storage Tank

Dur ing  wa te r  p rocess ing  ope ra t i ons ,  p rocessed  wa te r  w i l l  be  t e rnpo ra r i ] y  s to red  i n  two  ho id ing
tanks  l oca ted  ou tdoo rs ,  each  o f  500 ,000  ga l l on  capac i t y .  The  wa te r  i n  t ne  ho ld ing  tanks  w j l l
t hen  be  d i sposed  o f  by  one  o f  t he  me thods  desc r i bed  i n  Sec t i on  7 .2 .  I f  one  o f  t i r ese  tanks  rup -
tured and i ts  ent i re contents were re leased,  s tomr d ' ra ins would t ransport ,  the water  to the east
channe l  o f  t he  r i ve r .  The  po ten t i a l  o f f s i t e  dose  to  humans  f rom th i s  acc iden t  i s  h igh l y  dependen t
upon  whe the r  o r  no t  Red  H i l l  Dam i s  ove r topp ing .  I f  Red  H i l l  Dam i s  ove r topp ing ,  t he  re leased
wa te r  w i l l  be  d i l u ted  w i th  t he  f l ow  o f  t he  Susquehanna  R ive r  resu l t ' i ng  i n  doscs  to  humans  tha t
a re  f a i r l y  l ow  and  w i th in  annua l  l im i t s  f o r  r ou t i ne  ope ra t i on  ( see  Append i x  R ) .  Howeve r ,  i f  Red
H i l l  Dam i s  no t  ove r topp ing ,  t he  re leased  rad ioac t i v i t y  cou ld  rema in  i n  t he  eas t  channe l  f o r  an
ex tended  pe r i od  o f  t ime  a t  f a i r l y  h igh  concen t ra t i ons .  Dose  ca l cu la t i ons  a re  p resen ted  i n
Tab le  10 .16  fo r  bo th  r i ve r  f l ow  s i t ua t i ons .

Fo r  t he  h igh  r i ve r  f l ow  s i t ua t i on ,  t he  resu l t i ng  o f f s i t e  doses  a re  es t ima ted  to  be  be low  the
requirements of  10 CFR Part  20,  and below the dose design object ives for  normal  operat ing reactors
o f  10  CFR Par t  50 ,  Append i x  I .  Thus ,  t he  s ta f f  conc luded  tha t  i f  t h i s  pos tu ' l a ted  acc iden t  we re
to  occL :v ' du r i ng  h igh  r i ve r  f l ow ,  t he  resu ' l t an t  env i ronmen ta l  impac t  wou ld  be  i ns ign i f i can t .

Fo r  t he  l ow  r i ve r  f l ow  s i t ua t i on ,  t he  resu l t i ng  o f f s i t e  doses  due  to  consumpt ion  o f  d r i nk ing
water  or  f ish f rom the east  channel  would be large enough to warrant  that  act ion be taken to
avoid such consumpt ion.  Consequent ly ,  the staf f  recommends that  mi t igat ive act ion be taken to
avo id . consu [p t i on  o f  f i sh  o r  d r i nk ing  wa te r  f r om the  eas t  channe l  j f  t he  ace iden t  occu rs  du r i ng
low  r i ve r  f l ow .  S ince  the re  i s  no  mun ic ipa l  use  o r  known  p r i va te  use  o f  wa te r  f r om the  eas t
channel  for  consumpt ion purposes,  doses are not  expected to occur  through the dr ink ing water
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pathway. The main concern is to prohibi t  the catchlng and consumption of f isr , ' f rom the channel.
As the bioaccumulat ion of radionucl ides in f ish occurs over periods of days to weeks, the staff
concluded that there would be ample time to take preventive measures to ensure that fish'ing is
stopped in the east channel area.

I t  is conceivable that a f ish could neside in the channel for a long period, bioaccumulate radio-
nuclides, and then move to some other area and be caught and consumed. Depending upon the water
processing option, 1 tr,r 10 kilograms (kg) of fislr would need to be consumed before the 10 CFR
Part 20 protect ive dose l imits are exceeded. Assuming that the average weight of a f ish harvested
from the r iver near TMI is about 0.5 kg of whole body weight ( thus yielding 5 0.2 kg of edible
meat),  an angler would have to harvest between 5 and 50 f ish to obtain I  to 10 kg of edible f ish
meat. Six years of studies have shown that the mean harvest from the York Haven Pond during the
summer-fal l  months is less than one f ish per angler (or per f ishing tr ip by an ang' ler) .  I t  seems
unl ikely,  therefore, that any given angler would harvest enough f ish (al ' l  of  which had resided in
the east r iver channel fol lowing a tank nupture) to permit  consumption of enough meat to result
in a dose that exceeds the protect ive l imits.  Addit ional ly,  studie_s of the post-accident (1979)
r iven f ishery showed that anglers released their  catches in greatet than normal proport ions and
ate fewer fish due to their concerns that the fish migh'- have been radioactively contaminated by
the accident.  Simi lar angler behavior could be expected fol lowing a tank rupture, with adequate
publ ic not i f icat ion, thus reducing the l ikel ihood of any anglers receiving unacceptable doses
from consuming r iver f ishes.

Hence, with proper mit igat ive act ion, the publ ic health and safety wi l l  be protected' in the event
of an accident dur ing low f low condit ions. Such mit igat ive act ions could ' include f ishing adviso-
r ies or consunpt ion bans; or physical ly blocking the movements of f ish into and out of the shal low
east r iver channel by placing a f ine-mesh net across the channel near Sand Beach Island or the
north access bridge.

L0.4.2.2 Leakage of Reactor Bui lding Sump t later

The largest amount of contaminated water present l l r  on the si te is the 700,000 gal lons of water in
the bottom of the reactor bui lding. This water contains an est imated 500,000 Ci of  radionucl ides.
I t  is postulated that i f  th is water should leak through the thick steel- l ined concrete base of
the reactor bui lding into the ground, i t  wouid ul t imately reach the Susquehanna River.  In Appen-
dix V the movement of this water through the ground was analyzed. For purposes of this analysis,
it was assumed that the volume of water above the water table cou'ld leak into the groundwater in
one to two days. I t  was calculated that the water would not begin to reach the r iver for about
one year,  and whi le the water was' in the ground, processes of adsorpt ion, f i l t rat ion, and ion
exchange would remove a large fract ion of the dissolved and part iculate radionucl ides except H-3.
Di lut ion of the water reaching the r iver would further reduce the concentrat ion of radionucl ides
so that the peak concentrat ions of Cs'137 in the r iver would be 5.1 x 10-10 pCi/ml,  of-Sr-90
would be 5.1 x 10-E pCi/ml,  and that of  H-3 would be 5.2 x 10-? pCi/ml.  These values are orders
of magnitude below the MPC l imits of 10 CFR Part 20. Monitor ing wel ls around the reactor bui lding
wou' ld provide indicat ion of the increase in radionucl ides in t i re groundwater Iong before they
would reach the r iver;  the remaining water could be transferred to storage tanks or other mit i -
gat ing measures when a grout curtain could be inst j tuted.

L0.4.2.3 Accidents Associated with Dropping Heavy Components on the Vessel Seal Ring

At this stage of the operat ion, a drop accident that caused a fai lure of the seal plate would
result  in drainage of the transfer canal to the reactor bui lding basement,  but would have no
signif icant radiological  consequences since the canal water would contain very l i t t le radio-
ac t iv i t y  (0 .01  pCi lmL,  exc lus ive  o f  t r i t ium) ,  and there  wou ld  be  no  fue l  in  the  t rans fer  cana l .

IO.5 POTENTIAL RELEASES DUE TO EXTERNA,L EVENTS

10.5 .1  Poten t ia l  Re leases  due to  F lood l ing  :

An evaluat ion has been made to determine the potent ial  impact of Susquehanna River f ' loods on the
nuclear waste storage faci l i t ies at Three Mile Is land. 0f pr imary concern are the inter im stor-
age faci l i ty (which is to be decommissioned short ly) and the concrete storage faci l i ty located in
the Unit  2 desi l t ing basin. These faci l i t ies were designed so as not to be affected by the
des ign  bas is  f lood ,  bu t  bo th  wou ld  be ' inundated  by  the  probab le  max imum f lood (PMF) .  A  descr ip -
t ion  o f  the  des ign  bas is  f lood  and PMF is  p rov ided in  Sec t ion  10 .5 .1 .2 .  The des ign  o f  the  fac i l -
i t ies has been reviewed to evaluate the potent ial  for release of radioact ' iv i ty to the environment
dur ing  a  PMF.
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10.5.1.1 Temporary Radwaste Faci l i ty

The temporary radwaste storage facility was designed to provide shielded storage for 28 spent
EPICOR I  and I I  l i ners  (15  ce l l s  4 .5  f t  in  d iameter  by  8  f t  h igh ,  and 12  ce l l s  7  f t  in  d iameter
by 8 f t  high).  The cel ls are galvanized, corrugated metal  cyl inders that have steel plates
welded to one end to provide a bottom. The cel ls are placed on compacted earth f i l l  in the
Unit  2 desi l t ing basin and backf i l led with compacted earth. Each cel l  is provided with a 16-ton
concrete shield cover (Appendix D).  The elevat ion of the top of the cel ls is below the f lood
control  dike elevat ion of 304 f t  Maximum Sea Level (MSL) at the downstream side of the is land.
Any f lood level exceeding the elevat ion of t i re dike would result  in water levels greater than the
top of the ce' l ls,  but the cel ls are sealed against leakage by the welded base plate and the
massive, sealed concrete top.

10.5.1.2 Inter im Radwaste Storage Faci l i ty

The inter im radwaste storage faci l i ty is a modular structure, each module consist ing of a 57 x
91 x 19-f t-high, reinforced-concrete box with 3-f t- thick concrete base and 4-f t- thick wal ls
(Append ix  D) .  The top  o f  the  wa l ls  i s  a t  an  e leva t ion  o f  305.33  f t  MSL.  Each ce l l  i s  7  f t  in
diameter by 13 f t  t r igh. The module cel ls are made of galvanized, corrugated steel cyl inders wit l i
welded steel base plates. The cel ls are encased in concrete for shielding and have a 3-f t- thick
concrete cap with a seal.

Each ce l l  i s  equ ipped w i th  a  d ra in  on  the  base p la te  to  a l low co l lec t ion  o f  washdown l iqu id  in to
the faci f i ty sump. The sump is equipped with a h' igh-1eve' l  alarm and must be manual ly set up for
transfer of f lu id.  The sump pump disctrarge is capped, and sump water analysis is to be done
before any uncapp' ing and transfer of l iquid. The sump and sump pump are contained in o concrete
structure having two massive, gasketed covers--one 3-f t- thick concrete and one l- f t - thick concrete.
The concrete cel ls,  their  covers, and the surnp and i ts covers create a barr ier to release of
rad ionuc l  ides .

10 .5 .1 .3  Poten t ia l  Impacts  o f  F loods

The Three Mile Is land Nuclear Stat ion si te is protected by a rock-armored levee system that
completely surrounds the stat ion i i t ructures. The levees range in elevat ion from 304 f t  MSL at
the southern (downstream) end to about 310 ft MSL at the northern (upstream) end. The levees
were designed and constructed to protect the plant f rom a f lood having a peak discharge or runoff
rate of 1,100,000 cubic feet per second (cfs).  The height includes a margin of safety to al low
for sett lement,  wind wave act ivf ty,  and larger f loods. The design of safety-related plant faci l -
i t ies inside the levee system wi l l  accommodate a PMF having a peak discharge rate of about
1,600,000 cfs.  The Humicane Agnes f lood of June 1972 had a peak discharge of 1,020,000 cfs
( less  than the  levee des ign  f lood) .  A l though por t ions  o f  the  p lan t  s i te  were  f looded dur ing
Agnes, construct ion of the levee system had not been completed at that t ' ime, and f lood waters
inundated port ions of the is land through unf inished sect ions of the levee. Had the levees been
in  p lace ,  no  f lood ing  wou ld  have occur red  ins ide  the  levee sys tem,  as  ind ica ted  in  Tab le  10 .17
in  wh ich  levee and f lood  e leva t ions  a t  Three Mi le  Is land are  summar ized.

Tab ie  10 .17 .  Summary  o f  Levee  and  F lood  E leva t i ons  a t  Th ree  M j l e  I s l and

Elevations (ft MSL)

Locati on
Levee

El  evat i  on Floo:9:[vela    Flo合in::ve]b
Probable

Flo88Si:9elc    Fl普8告
il皆
‖eld

South end of  levee

Un i t  2  i n take

North end of  levee

304

305

310

296.4

296.5

298.0

299。4

300,4

301.3

303.0

303.5

304.5

308.5

309.2

309.8

aPeak discharge of 740,000 cf3~~f10od of record prior to 1972.

bPeak discharge of l,020,000 cfs― ―flood of record.
CPeak discharge of l,100,000 cfs― ‐minimum freeboard is about one foot at south end.
dPeak discharge of l,6せ

3,000 cfs―-levee is overtopped at downstream end.
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10.5.1.1 Temporary Radwaste Faci l i ty

The temporary radwaste storage faci l i ty was designed to prov' ide shielded storage for 28 spent
EPICOR I  and I I  l i ners  (16  ce l l s  4 .5  f t  in  d iameter  by  8  f t  h igh ,  and 12  ce l l s  7  f t  in  d iameter
by 8 f t  high).  The cel ' ls are galvanized, corrugated metal  cyl inders that have steel plates
welded to one end to provide a bottom. The cel ls are placed on compacted earth f j l l  in the
Uni t  2  des i l t ing  bas in  and back f i l l ed  w i th  compacted  ear th .  Each ce l l  i s  p rov ided w i th  a  16- ton
concrete shield cover (Appendix D).  The elevat ion of the top of the cel is is below the f lood
control  dike elevat ion of 304 f t  l ' laxjmum Sea Level (MSL) at the downstream side of the is land.
Any f lood level exceeding the elevat ion of the dike would result  in water levels greater than the
top of the cel ls.  but the cel ls are sealed against leakage by the welded base plate and the
massive, seale,{  concrete top.

10.5.1.2 Inter im Radwaste Storage Faci l i ty

The inter im radwaste storage faci l i ty is a modular structure, each module consist ing of a 57 x
91 x 19-f t-high, reinforced-concrete box with 3-f t- thick concrete base and 4-f t- thick wal ls
(Append ix  D) .  The top  o f  the  wa l ls  i s  a t  an  e leva t ion  o f  305.33  f t  MSL.  Each ce l l  i s  7  f t  jn
diameter by 13 f t  high. The module cel ' ls are made of galvanized, corrugated steel cyl inders with
welded steel base plates. The cel ls are encased in concrete for shielding and have a 3-f t- thick
concrete cap with a seal.

Each-ce l l  i s  equ ipped w i th  a  d ra jn  on  the  base p la te  to  a l low co l lec t ion  o f  washdown l iqu id  in to
the faci l i ty sump. The sump is equipped with a high- leve1 alarm and must be manual ly set up for
transfer of f lu id.  The sump pump dfscharge is capped, and sump water analysis is to be done
before any uncapping and transfer of l iquid. The sump and sump pump are conlained in a concrete
structure having two massive, gasketed covers--one 3-f t- thick concrete and one 1-f t- thick concrete.
The concrete cel ls,  their  covers, and the sump and i ts covers create a barr ier to release of
rad ionuc l  ides .

10 .5 .1 .3  Poten t ia l  Impacts  o f  F loods

The Three MjIe Is land Nuclear Stat ion si te is protected by a rock-armored levee system that
completely surrounds the stat ion structures. The levees range in elevat ion frc lm 304 f t  MSL at
the southern (downstream) end to about 310 ft MSL at the northern (upstream) end. The levees
were designed and constructed to protect the plant f rom a f ' lood having'a peak discharge or runoff
rate of 1,100,000 cubic feet per second (cfs).  The height includes a nargin of safety to al low
for sett lernent,  wind wave act iv i ty,  and larger f loods. The design of safety-related plant faci l -
i t ies inside the levee system wi l l  accommodate a PMF having a pcak discharge rate of about
1,600,000 cfs.  The Hurr icane Agnes f lood of June 1972 had a peak discharge of 1,020,000 cfs
( less than the levee design f lood).  Al though port ions of the plant s i te were f looded during
Agnes, constnuct ion of the levee system had not been completed at that t imeo and f loocl  wateis
inundated port ions of the is land through unf inished sect ions of the levee. Had the levees been
in  p1ace,  no  f lood ing  wou ld  have occur red  ins ide  the  levee sys tem,  as  ind ica ted  in  Tab le  1 ,0 .17 ,
in which levee and f lood elevat ions at rhree Mi ' le Is land are summarized.

Tab le  10 .17 .  Summary  o f  Levee  and  F lood  E leva t i ons  a t  Th ree  M i l e  I s l and

Elevations (ft MSL〕

Locati on
Levee

El  evat i  on Floo19::vela    Flo合:ni:velb
Probable

Flo88SigtelC    Fl普]告
tせ
せ‖eld

South end of levee

Unit  2 intake

North end of levee

304

305

310

296,4

296.5

298.0

299.4

300.4

301.3

303.0

303.t」

304.5

303.5

309.2

309.8

aPeak discharge of 740,000 cfs-- f lood of record pr ior to 1972.
bPeak discharge of 1,020,000 cfs-- f lood of recorcl .
cPeak discharge of 1,100,000 cfs--minimum frceboard is about one foot at  south end.
dPeak discharge of 1,600,000 cfs-- levee is overtopped at downstream end.
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The PMF is derived in a very conservat ive manner and represents the upper l imit  of  f lood potent ial
at  a given locat ion, such that there is vir tual ly no chance of the ei l f  Ueing exceeded. t jased on
f low frequency-data developed by the NRC staff ,  the Agnes f lood of 1972 his a probabi l i ty of
occuffence of less than once in 1000 years; the design f lood has a recurrence ihterval  of- less
than.once_in 2000 years; and the PMF has an undef ined probabi l i ty,  but the occurrence of such a
f lood is less l ikely than the design f lood. However,  i f  the wori t -case f lood (PMF) were to
occur '  the f lood level wou' ld be about 308 f t  l ' lSL. In this case, the top of inter im storage
I tg i ] l t y  ce l i s  and the  concre te  s to rage fae i l i t y  wa l ls ,  hav ing  re ipec t ive 'e leva t ions  o f  304.0  and
305.33  f t  MSL,  wou ld  be  f looded.

The pref i l ter matenial ,  resins, and evaporator bottoms are contained, however,  in sealed steel
conta inens ,  wh ich  are  s to red  in  the  ce l l s  o f  the  s to rage fac i l i t i es .  The ce l l i  p rov ide  a  second
baff ier to release of radioact ive mater ial .  In ordei for radioact ive waste to escape, both
baff iers would have to cievelop an undetected leak path coincident with the pMF.

In view of the very low l ikel ihood of the occurrence and short  durat ion of any f lood that would
overtop the protect ive dikes and the low l ikel ihood of s imultaneous breaching of the double
containment afforded !V t l , -"  storage faci l i t ies, i t  is considered highly unl ikdly that f looding
could cause release of radioact ive mater ial .

10.5.2 Potent ial  Releases Due to Tornado

The pr incipal factors that must be considered in evaluat ing the potent ial  impact of a tornado are
the h' igh winds, the pressure drop in the center of a tornaio, and the danger of tornado-generated
miss i les .  The des ign  bas is  to rnado fo r  the  TMI-2  s i te  has  w ind  ve loc l t ie i  up  to  360 mph l  a  p res-
s -ur |_919p o f  3  ps i  in  3  seconds,  and po ten t ia l  to rnado miss i les  as  g iven in  Tab le  10 .18 .  ine
faci l i t ies_and procedures at TMI-2 have been reviewed with these potdnt ial  factors in mind, and
have been found to be adequate to protect the environment and the health and safety of the; iub1. ic
from potent ial  ef fects of tornados.

Tab le  10 .18 .  S ign i f i can t  Des ign  Bas is
Tornado Miss i  les

Missile
Weight

( l b )

Impact

(ft2)

ImPact

Veloctty

(mph)

i t i l i t y  p o l e

Passenger auto

Concrete fragment

Wood plank

1201

4000

450o

l10

1.0

30

30

0.33

200

100

50

360

10.5 .2 .1  Tornado Probab i  I  i t ies

The probabi l i ty of  a part icular point being affected by a tornado is a funct ion of the number of
tornados occurr ing, on the average, in the vic ini ty and the average path area affected by each.
For a 40-year period of record, an average of one tornado per year was reported for the two-degree
square (8000 square mi les) containing thr:  TMI-2 si te.  From 1955 through 1967 an average of one
lolnadq per year in the one-degree sguarrs containing the si te (4000 square nr i les) was ieported.
This higher apparent frequency is due to more complete observat ion and report ing and js used for
these eva lua t ions .

Typical  tornados are a quarter-mi le in diameter.  The average path length of tornados jn the
v ic in i ty  o f  the  s i te  i s  8 .5  mi les ,  bu t  fo r  conserva t ism 10 mi les  i s  used,  g iv ing  a  pa th  a rea  o f
2 .5  square  mi les .  The probab i l i t y  o f  a  to rnado a f fec t ing  the  TMI-2  s j te  i s  there fore  6 .3  x  10-4
per year,  or once in 1500 years.
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The potent iai  for release of radioact ive mater ial  is not just a funct ion of the probabi l i ty of
any tornado r; t r ik ing the si te,  but must also include considerat ion of severi ty.  The design basis
tornado is a. very severe one, and one that is nct l ikely to occur in Pennsy' lvania. Based on
observat ions nainly in the l . l idwest and South Central  United States, the combined probabi l i ty of  a
tornado having maximum winds above 275 mph str ik ing the si te is 10-? per year.  The design basis
tornado, with wind speeds of 350 mph, wou' ld have a signi f icant ly Iower probabi l i ty of  occurance.

10.5.2.2 Potent ia ' l  For Water-Processing-Related Releases

The procedures used and protect ion prov' ided during water processing preclude tornado-induced
releases that cou' ld endanger the environment or publ ic health and safety.  The protect ion described
in Sect ion 10.5.2 is suff ic ient to mit igate the consequences of high tornado winds, pressure
drop, and missi les. Tornado missi les cannot penetrate the safety-related structures (reactor
bui lding and the auxi l iary and fue' l  handl ing bui ldings) and cannot compromise the integri ty of
the  casks  hous ing  the  EPICOR I I  p re f i l te rs  and l iners  in  the  chemica l  c lean ing  bu i ld ing .

The exposed processed water storage tanks are susceptible to tornado damage from high winds or
missi les. These tanks could release processed water containing an average of less than
0.5 pCi, /ml tni t , ium. This tr i t iated water would l ikely be drawn into the tornado and then be
d ispersed by  the  v io len t  mix ing  ac t ion  o f  the  a i r  f low ins ide  the  to rnado.  Even i f  a l l  the
avai lable processed water (about 1.5 x 106 gal lons) were removed from tanks by the tornado and
blown into the Susquehanna River,  and i f  the r iver were at i ts 50 percent i le f low rate of
20,000 cfs (9 x 106 gprn),  maximurr perm' issible concentrat ion (MPC) l in i ts (10 CFR Part 20) for
tni t ium are not I ikely to be exceerled.

The York Haven Dam and the Red Hi l l  Dam form a 10,000 acre-foot (3 x 10e gal lon) water impouno-
ment in the vic ini ty of the Tl , l I -2 si te.  Based on downstream channel volume, i t  is assumed con-
servat ive' ly that 20 percent of the water impounded is effect ive in di lut ing the 1.5 x 106 gal-
lons  o f  p rocessed water ,  resu l t ing  in  a  downst ream t r i t ium concent ra t ion  o f  2 .5  x  10-3  pCi lm l ,
wh ich  is  83  percent  o f  the  MPC l i rn i t  fo r  con t inuous  re lease o f  t r i t ium (3  x  10-3  pCi /ml ) .  S ince
al l  users of surface water downstream of Three Mile Is land are also downstream of York Haven Dam,
the sudden, one-t ime release of processed water would pose a very minimal r isk to uhe environment.

10.5.2.3 Potent ial  For Releases From Waste Storage Areas

Both the inter im waste storage faci l i ty and the concrete waste storage faci l i ty are ful ly pro-
tected from the effects of tornados. The cel ls of both faci l i t ies are covered with 3-f t- thick
concrete tops and both are essent ial ly at  grade elevat ion. Tornado winds, pressure drop, and
miss i les  cannot  compromise  the  in tegr i t y  o f  the  ce l l s .

10.5.3 Potent ial  for Releases Due to Aircraft  Impact

The potent ial  r isk to publ ic health and the environment has been evaluated for the impact of' la rge  
a i rc ra f t  on  l iqu id  and sc l id  rad ioac t ive  waste  process ing  and s to rage fac i l i t i es .  Cr i t i ca l

safety-related structures (Category 1) on the s ' i te,  such as the reactor" bui lding and the auxi l -
ia ry  and fue l  har rd l ing  bu i ld ings ,  o r ig ina l l y  were  des ' igned to  w i ths tand the  impact  o f  la rge
aircraft  (300,000 pounds) at 200 knots. Therefore, the sources of relat ively high-1evel radio-
act iv i ty,  such as the nuclear fuel  and the reactor bui ' ld ing sump water,  are protected from the
effects of aircraft  impact.  Likewise, an.y cleanup operat ions, that may occur inside these bui ld-
ings also are protected.

There are, however,  sone sources of radioact iv i ty outside of these bui ldings des' igned to with-
stand aircraft  impact,  and the potent ial  vulnerabi l i ty of  these sources has been evaluated. ' the

fac i l i t ies  o r  components  tha t  have been cons idered are  the  chemica l  c lean ing  bu i ld ing  hous ing
EPICOR II ,  the concrete waste storage faci l i ty,  the inter im waste storage faci l i ty,  the borated
water storage tank (which is used to store processed water containing tr i t ium), and the processed
water storage tanks.

10 .5 .3 .1  Poss ib i l i t y  o f  A i rc ra f t  Impact

An evaluat ion has been done by the staff  to determ' ine the probabi l i ty of  impact of ' large aircraft
on radioact ive mater ial  storage faci l i tes at TMI-2. 0n page 31 of Reference 7, the staff  deter-
mined the impact probabi ' l i ty for each potenLial  target to be 1.6 x 10-8 per year.  Therefore, the
aircraft  impact probabi l i ty is a factor of approximately 6 smal ler than the t0-7/yr probabi l i ty
tha t  i s  o f ten  used as  a  l im i t  beyond wh ich  events  a re  cons idered h igh ' l y  un l i ke ly  o r  inc red ib le ,
and not ser iously considered in design.
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10.5.3.2  Potential For Water― Processing― Related Releases

During processing of liquids, contaminated water is not stored in tanks susceptible to atrcraft
impact.  It is either Pumped from a protected L」 村lding dギrectly to a water treatment system, such
as EPICOR II, or it ts decontaminated inside a protected building, as would be the case with the

submerged denineralizer syltem.

旦rocessed water Storage

The processed water resultSng from cleanup operations contains tritium and may be stored outside

in tanks vulnerabl●  to atrcraft impact, such as the borated water storage tank or the proce53ed
water storage tanks,  However, the potential risk associated with this storage is ttinimal because
of the very low prObability of attrcraft impact (on the Crder of 4 X 10-10) and the 10w conse―

quence of release of the tritiated water.  As was described in Section 10.5.1, there is a flood
protection dike around the sttte, and this dike would serve to contain processed water that mlght
be released by attrcraft impact.  The expected average tritium concentration in processed water
after cleanuP of reactor building sump water and reactor coolant system water is less than

O.6 11CS/mL, and the slow ieakage or evaporation of this processed water does n3t present a public
health hazard.

Chemica l  C lean ing  Bu i ld ing  (EPICOR I I )

The chemical c leaning bui lding tanks used for inter im storage of processed water are suscept ible
to fai lure caused by an aircraft  impact,  but the water would be contained by the f lood protect ion
dike. The highly radioact ive EPIC0R II  pref i ' l ters and l iners are protected by l2- inch-thick
reinfonced-concrete wal ls surrounding the processing area. The pref i l ter/demineral izer js instal-
led inside a l2- inch-thick cyl indr ical  concrete cask, and r-he ca.sk is surrounded by a lead L'r ick
wal ' l  5 inches thick. The top of the pref i l ter/demineral izer is covered with a lead shield and
5-inch-thick steel l id.  The second- and third-stage demineral izers are simi lar ly protected. The
room containing the demineral izer stages is further protected by 24-inch-thick concrete wal ls
inside the 12-inch-thick exter ior wal ls.  Considering the substant ial  amount of impact resistance
and the very 1ow probabi l i ty of  aircraft  impact,  i t  is considered highly unl ikely that radioact ive
releases would occur from the chemical c ' leaning bui lding as a result  of  aincraft  impact.

10.5.3.3 Potent ial  for Releases from Waste Storage Areas

Relat ively high-1eve1 wastes such as water processing pref i l ters and l iners w' i l l  be stored in the
inter im radwaste storage faci l i ty on the si te.  The potent ial  for releases occurr ing as a result
of  aircr: f t  impact on these waste storage areas was evaluated as being very smal l .  the temporary
radYraste storage faci l i ty,  descr i l red in Sect ion 10.5.1.1, had pref i l ter and resin mater ial  pro-
tected from aircraft  impact by the 3-f t- thick concrete cel l  top and the pr imary steel container.
These have been removed to the interim radwaste storage facitity. The interim radwaste storage
fac i l i t y  descr ibed in  Sec t ion  10 .5 .1 .2  a lso  has  a  3 - f t - th ick  concre te  ce l l  top  and is  we l l  p ro-
tected from aircraft  impact.  In view of the substant ial  concrete protect:on afforded the waste
and the very 1ow probabi l i ty of  aircraft  impact,  i t  is highly unl ikely that such an accident
would result  in arry release that would endanger publ ic health or safety.

10.6 PSYCHOLOGICAL-SOCIOECONO}IIC EFFECTS

The staff  concludes that low-level chronic distress could cont inue throughout the cleanup period,
and some groups wi l l  be more affected by stress than others. Most of the impacted publ ic cur-
rent'ly clentonstrate no psychological effects that have detrjmental health consequences. Exact
est imates of long-term psychological  conse,quences associated with the accident or the cleanup are
not avai lable. However,  one study suggests that even among the most vulnerable of the impacted
groups, the d' istress levels measured on t ,he f i rst  anniversary of the TMI acc' ident are below the
threshold associated with health problems and are not much higher than control  group scores.

The staff  bel ieves that the potent ial  levr: l  of  distress generated by the decontaminat ion process
could be related to the present psychololyical  sett ing and factors surrounding decontaminat ion.
The present psychological  sett ing for tho'se who are distressed is character ized by uncertainty
over the effect of  released radiat ion on health and future generat ions, NRC's and l ' let-Ed's lack
of credibi l i ty,  and the bel ieved inabi l i ty of  Met-Ed to safely conduct and NRC to review the
various decontaminat ion procedures. Those, factors which couid corrtr ibute to the depth and breadth
of future distress levels include the length of t ime required for overal l  decontaminat ion and for
spec i f i c  decontaminat ion  procedures .  In  genera ' | ,  i t  i s  the  s ta f f ' s  be l ie f  tha t  as  t ime spent  on
decontaminat ion act iv i t ies increases, the consequences of distress could increase. 0then factors
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that could inf ' luence future levels of potent ial  distress include the bel ieved probabi l i ty of
accidents, the type and durat ion of media coverage, the crediL" i l i ty of  those managing the decon-
taminat ion process, and be' l ieved levels of safety and hea' l th impacts.

Considerable publ ic concern has been expressed regarding the prospect of processed water being
released into the Susquehanna River.  l4uch of th ' is concern centers on possible disrupt ion of
recreat ional and commercial  f ishing act iv i ty on the Bay due to a perceived threat to health,
whether  jus t i f ied  or  no t .  The s ta l f  conc luded (Sec t ion  7 .2 .5 .4 )  tha t  the  d isposa l  o f  t r i t ia ted
water in the Susquehanna has the potent ial  to produce dispersed socioeconomic impacts-as a conse-
quence of distress and uncertainty.  These impacts could include the temporai"y avoidance of
dr inking water,  of  recreat ional opfortunit ies, and of seafood and waterfowl supp, l ied by the-r iver
or the 6ay. Potent ial  economic losses to watermen, processors, restaurants, and other retai l  and
serv ice  ou t le ts  migh t  be  s ign i f i can t .  As  d iscussed in  Sec t ion  7 .2 .5 .5 ,  the  Sta te  o f  i ' l a ry lanc
wi ' l l  be undertaking a study of the potent ial  economic losses to perscns who depend upon Chesapeake
Bay act iv i t ies. There is also the potent ial  for publ ic uncertainty over radiat ion effects and
widespread economic loss. This condjt ion could require m' i t igat ive measures to help reduce publ ic
anxiety i f  the Susquehanna disposal opt ion is selected. An appropriate mit igat ion program should
seek  to  re l ieve  severa l  p rob lems inc lud i r rg  (1 )  the  NRC's  and Met -Edrs  lack  o f  c red ib i ' l j t y ,  (2 )  the
l imited knowledge ref lected in some of the media and general  publ ic percept ions of radiat ion-
re la ted  impacts ,  (3 )  the  inadequate  d isseminat ion  o f  cons is ten t  in fo rna t ion  by  pub l ic  agenc ies ,
and (4) the inadequate incorporat ion of socioeconomic and ecological  considerat ions in the deci-
s ion  on  the  t im ing  o f  d isposa l .

The transportat ion of waste was also indicated as having the potent jal  for producing soc- ioeco-
nomic impacts. The expected range of number of t ruck shipments js 353 to 997. These shipments
would be made over a period of 5 to 9 years; hence, the average rate of shipmertts during this
period would range from about one truckload every three days to about one truckload every f ive
days. Those l iv ing along or in proximity to the truck noute could be subjected to stress. The
st i t f  juOgment is that the marketabi l i ty of  resident ial  property abutt ' ing the route through
Middletown could be adversely impacted during the period of shipment.  A' lso, the staff  would
expect that some resjdents wi l l  a l ter their  dai ly schedules to avoid the shipp:fng route at-certain
t i ines. The staff  bel ieves that the potent ' ia l  increase in stress and annoyanue can be mit igated
through a process that considers the apprehensions of those l iv ing in the Midd1etown transporta-
t ion corr idor.  To accomp' l ish this end, the staff  considers i t  necessary to cont inue the ongoing
pub l ic  d ia logue to  d iscuss  the  s t ruc tu ra l  in tegr i t y  o f  sh ipp ing  conta iners ,  the  low probab i l i t y
of radiat ion leakage under accident condit ions, and the opt ' ima1 t i rning for shipping waste.

A l though they  wou ld  have neg l ig ib le  o f fs i te  e f fec ts ,  a i rborne  re leases  as  a  resu l t  o f  pos tu la ted
accidents could create publ ic uncertainty over health and safety with consequent impacts to the
agr icu l tu ra l  sec tor .  As  no ted  in  Sec t ion  3 .6 .2 .3 ,  "mi lk  juggers" - - loca l  da i ry  fa rmers  who se l l
mi lk direct ly to retai l  customers--experienced sales decl ines subsequent to the TMI accident.
The staff  bel ieves that because of the sma'|1 quant i ty of radioact ive mater ial  potent ial ly involved
and the exist ing monitor ing programs, such losses, should they occur,  would be of short  durat ion.

LO.7 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

Many resources  w i l l  be  used ' in  the  c leanup o f  TMI  t ln i t  2 .  Some o f  those uses  invo lve  i r revers -
ibie and irretr ievable commitments. I rreversible commitments concern changes set in motion by
the proposed act ion that at  some later t ime could not i ie al iered so as to restore the.present
ordei oi  environmental  resources. Inretr ievable commitments are the use or consumption of
resources that are neither renewable nor recoverable for subsequent ut i l izat ion.

10.7.1 Commitments Considered

The types of resources of concern in this r :ase can be ident i f ied as: (1) mater ial  resources--
mater ials of construct ion, renewable resource mater ial ,  and depletable resources consumed, and
(2)  nonmater ia ' l  resources- - inc lud ing  a  range,o f  benef ic ia l  uses  o f  the  env ' i ronment .

Resources that general ly may be irreversibly committed by the construct jon and cleanup are:
(1) construct ion mater jals that cannot be recovered and recycled with present technology,
(Z) mater ials that are rendered radioact ive but cannot be decontaminated, (3) mater ials consumed
or'reduced to unrecoverable forms of waste, (4) the atmosphere and water bodjes for disposa' l  of
waste eff ]uents, to the extent that other benef ic ial  uses are curta' i1ed, and (5) land areas
rendered un f i t  fo r  the i r  o r ig ina l  uses .
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L0.7.2 Mater ia l  Eeseurces

L0 .7 .2 .1  Cons t ruc t i on  Ma te r i a l s

Mater ia ls  of  canstruct ion are a lmost  ent i re ly  of  the depletable category of  resources.  Concrete
and steel  const i tu te the bulk of  these mater ia ls .  No commitments have been made on whether  these
mater ia ls  wi l l  be recycled when thei r  present  use terminates.  The amounts to be used for  the
cleanup-are not  knorvn at  th is  t ime because deta i led procedures have not  been determined;  however,
quant i t ies of  construct ion mater ia ls  used wi l l  be vLry smal1 compared to annual  U.S.  product ion
o f  t hese  ma te r i a l s .

L0 .7 .2 .2  Rep iaceab le  Componen ts  and  Consumab le  Ma te r i a l s

Mater ia ls  consumed or  reduced to unrecoverable status are chemicals such as detergents used for
the  c , l eanup  and  gaso l i ne  and  d iese l  f ue l  used  i n  veh i c l es  b r i ng ing  ma te r i a l s  and  the  work fo rce  to
and f rom the s i te ,  for  haulage onsi te,  and for  t ransportat ion o i  waste mater ia l  o f fs i te .  The
amounts used in 

' local  
t ransport  are unpred. ic table;  however,  the t ransportat ion of  wastes to

l i censed  d i sposa l  f ac i l i t i *  w i l l  r equ i re  f r om l / 2  t o  7  l / 2  n i l l i on  ga l l ons  o f  d i ese l  f ue1 ,
depending on the d is tance to the bur ia l  s i tes and the waste forms selected.

The  ma te r i a l s  used  fo r  p rocess ing ,  immob i l i z i ng ,  and  packag ing  the  was tes  have  no t  ye t  been
chosen,  but  the candidates are ion-exchangc res ins,  v iny l  ester  s tyrene,  por t land ce-ment ,  and
b i t umen .  The  o rgan i c -ma te r i a l ,  r es ins ,  v i ny l  es te r  s t y r l ne ,  and  b i i umen-a re  de r j ved  f rom pe t ro -
leum, but  the quant i t ies requi red are smal l  in  compar i ion to the tota l  wor ld product ion of  petro-
leum. Port land cemet i t  may be used for  immobi l iz ' ing the wastes or  as an a l ternat ive to process ' ing
the wastes.  Here aga' in ,  the quant i t ies expected to be used are smal l  compared to U.S.  product ion.

10 .7 .3  Wa te r  and  A i r  Resou rces

Because of  the rapid ly  renewable nature of  the Susquehanna River  and the regenerat ive powers and
vast  d ispers- ive capac- i ty  of  the atmosphere,  the use of  these resources to d i iu te and d isperse the
e f f l uen ts  o f  chemica l s  and  rad ioac t i ve  ma te r i a l s  f r om the  c leanup  o f  T l4 I -2  i s  ro t  cons ide red  to
represent  i r revers ib le or  i r ret r ievable commitments of  these resources.

L0.7.4 Land Resources

Land  requ i red  fo r  t he  bu r i a l  o f  l ow- leve l  r ad ioac t r ve  was tes  i s  es t jma ted  to  range  f ron  L /2 ' co
I  acre,  depending upon the amount  and volume of  the wastes.  High act iv i ty  wastes could be accom-
moda ted  w i th in  t hese  es t ima tes ,  assuming  l and  bu r i a l  i s  pe rm i t t ed .  Nuc le i r  f ue l  f r om the  reac to r
would requi re f rom 66 f t2  to 216 f t2  in  a s torage pool  at  a present ly  undesignated locat ion.

10.8 SUMMARY OF ECONOMIC COSTS OF THE TMI-2 CLEANUP

Numerous a l ternat ives have been presented in each of  the previous sect ions of  th js  s tatement .
Because  each  sec t i on  o f  t h j s  s ta temen t  rep resen ts  a  pa r t i cu la r  evo lu t i on  j n  t he  c l eanup  o f  TMI ,
t he  comb ina t ' i ons  o f  a l t e rna t i ves  and  evo lu t i ons  p rcduce  an  eno rmous  number  o f  r easonab le  pa ths
tha t  cou ld  be  se lec ted  fo r  t he  ac tua l  c l eanup .  The re fo re .  t he  s ta f f  has  deve loped  bound ing  cos t
es t ima tes  f o r  each  o f  t he  ma jo r  sec t i ons  o f  t h i s  s ta temen t .  Tab le  10 .19  summar i zes  t hese  i os t s .

The  cos ts  s ta ted  i n  Tab le  10 .19  have  been  deve loped  based  upon  cons tan t  1980  do l l a r s  and  c io  no t
i nc lude  the  t ime  va lue  o f  money  no r  t he  i n f l a t i ona ry  cond i t i ons  t ha t  may  ex i s t ' i n  t he  f u tu re .
Add i t i ona l ' l y ,  cos t s  have  been  exc luded  un less  t hey  can  be  d i rec t l y  assoc ia ted  w i th  a  g i ven  a l t e rna -
b i ve .  Cos ts  t ha t  have  been  exc luded  f rom Tab le  11 .19  a re :  ma in ta in ing  the  p lan t  i n  a  sa fe
shu tdown  cond i i , ; r on ,  s i t e  secu r i t y  cos t su  l i c : ns ing  cos ts ,  housekeep ing  cos ts ,  r ece ip t /  i nspec t i on
cos ts ,  p l ann ing  and  schedu l i ng  cos t s ,  wa rehous ing  cos ts ,  ma te r i a l  hand i i ng  cos t s ,  gene ra l  LecSn jca l
su rve i l l ance ,  i nc lud ing  qua l i t y  assu rance ,  hea l t h  phys i cs  and  eng inee r i ng .  I n  add i t i on ,  cos t s
have  no t  been  i nc luded  fo r  cons t ruc t i on  o f  gene ra l  suppo r t  f ac i l i t i es ,  such  as  o f f i ce  and  gene ra l
l abo ra to ry  bu i  l d i ngs .
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Thus, the economic dsta presented here, and elsewhere in the PEIS, are only for the purpose of
comparison anong alternatives of direct costs. The costs given here can not be sunmed to give a
total cost estimate for the cleanup. Some generalities can, however, be stated:

. The selection of alternatives will be an inrportant factor in determining the total
cleanup cost, but the timing of the cleanup will most likely dominate the total cost.

There is a large uncertainty in the relative costs for most of the alternatives. The
, ' :  uncertainty in individual cost est inates could, in some cases, be greater than the cost

differences between alternatives.

Because of the uncertainty in estimated coEls among the alternatives, and because public and
worker safety, as sell as protection of the environment, are the paramount concerns, review of
a'trternatives based on costs is a secondary consideration.
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5.1

5.2

6.2

6.3

6.4

6.5

7.1

7.2

8.1

8.2

8.3

9.0

AFHB cleanup

Reactor bui ld ing cleanup

Cooling system inspection

RPVH and internals removal

Core examination and defue'ling

RCS decontamination

Liquid waste treatment

0isposal of processed accident water

Process solid wastes

Chemical decontaminat ion solut ions

So l id  mater ia ls

Storage, transportation, and disposal
of sol id waste

S16,000

25,000

1,400

3,600

12,000

2,600

21,000

100

23,000

2,000

700

2,600

S 22,000

63,000

5,900

6,600

■6,000

69900

29,000

11,000

27,000

10,000

7,100

11,000

aThis sumary of economic"costs is for the purpose of making comparisons
among al ternat ives. The relat ive costs can not be summed to arr ive at a
total cost estimate for the entire cleanup.
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11.l  INTRODUCT10N

11.  ENVIRONMENTAL RAD10LOGICAL MONITORING

The radidlogical  environmental  monitor ing around the TMI si te and nearby communit ies during the
decontaminat ion of Unit  2 would be performed by (1) Metropol i tan Edison Company (the l icensee),
(2) the U.S. Environmental  Protect ion Agency (EPA), (3) The Conmonwealth of Pennsylvania, (4) the
U.S. Department of Energy (D0E), (5) the Nuclear Regu' latony Commission (NRC), and (6) the State
of l4aryland. Each program is summarized in the following subparagraphs; a more complete descrip-
t ion is given in the EPA report ,  "Long-Term Environmental  Radiat ion Survei l ' lance Plan for Three
i l i le Is land," 1981, which is provided as Appendix l ' l  to this statement.

II.2 I4ETROPOLITAN EDISON COI.IPANY RADIOLOGICAL MONITORING PROGRAM

The l ' let-Ed radiological  environmenta' l  monitor ing program which wi l l  be in effect dur ing the
decontaminat ion of Unit  2 is a combinat ion of the TMI-1 and TMI-2 Environmental  Technical  Spec' i -
f icat ion required programs and increased monitor ing act iv i t ies which were ini t iated after March 28,
1979. This monitoring program is subject to change based upon review of the results and any
requests for addit ional monitor ing.

The l i censee 's  rad io log ica l  mon i to r ing  program is  comprehens ive ,  cover ing  sampl ing  o f  a i r ,  m i lk ,
water,  f ish, aquat ic plants,  sediments, miscel laneous food products, and exposure nates in the
environs in and around the TMI faci l i ty to a djstance of about 21 mi les.

The l icensee's air  sampler network consists of eight stat ions which are sampled weekly using both
air  part iculate f i l ters and charcoal cartr idges. Air  part iculate samples are analyzed weekly for
gross beta act iv i ty,  and gamma spectral  analysis is also performed monthly.  A radioiodine analy-
sis is performed on the charcoal cartr idge. For a quarter ly composite of the air  part iculate
samp'les, analyses for Sr-89 and Sr-90, gross alphas, and gamma spectra are made.

l- let-Edrs mi lk network samples semimonthly from f ive farms in the offs i te area. Radioiodjne and
gamma spect ia determinat ions are performed on these samples. A Sr-89, Sr-90 analysis is per-
formed on quarterly composites of these samples.

t{ater samples from Met-Ed's offs i te water sampl ing network are col lected from eight stat ions.
These samples are composited hourly over a two-week period ut i l iz ing automatic water samplers.
These semimonthly samples are analyzed for iodine (semimonthly),  gamma scan and gross beta
analyses on monthly composite,  t r i t ium on a monthly and quarter ly composite,  and Sr-89 and Sr-90
on a quarter ly composite.  In addit ion, grab samples are taken weekly at two surface water sta
t ions. These are composited and the above analyses are performed. Dai ly grab samples are also
taken from the plant discharge and compos'ited for the above analyses.

F ish ,  aquat ic  p lan ts ,  and aquat ic  sed iments  a re  sampled  per iod ica l l y ,  as  we l l  as  misce l laneous
food products as they become avai lable.

t let-Ed operates an extensive thermolumenescent dosimeter (TLD) network for monitor ing environ-
mental exposure rates in the area around the site. These dosimeters are exchanged on a monthly
(20 locat ions) and a guarter ly (53 stat ions) basis.

Met-Ed has a groundwater monitor ing progri lm (see Fig. 11.1) that present ly samp' les from 15 obser-
vat ion and monitor ing wel ls.  Tr i t ium analysis and gamma scans are performed on the samples
taken.

11.3 U.5. ENVIIiONIi,IENTAL PROTECTION AGENC. RADIOLOGIIIAL MONITORIi,IG PROGRAM

EPA has been designated by the Execut ive Off ice of the President as the lead Federal  agency for
conduct ing a comprehensive, long-term environmental  radiat ion survei l lance program as a fol lowup
to the accident at Tt'lI-2. As of December 31, 1980, EPA operates a network of 13 continuous

1 1 ‐ 1
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認i:]°暗留賄瑞P活良博幣私ず称
n協

淵ギ品樅辞品辞跳品s5ど濫e[t°]n」‰isF品
from TMI‐2.  Each station Sncludes an atr sampler, a gamma rate recorder, and three TLDs.  The
air sanpler unSts operate at approximately 2 cfm, and Particulate samples are collected from each
Slation and analyzed typtcally three tittes per week.  Charccal filters are collected and analyzed
weekly.  All samples are analyzed by gattna spettroscopy at EPA・s TMI Field Station, Middletown,

!8il:話器耽ギ甘督瑞鮮
i七!品:1ざrer l‐

mit Of detection fori CS‐137 or I■131 of lbout 25 pCi

Each montttor nヽg stat村on 13 equipped with a gamma‐ rate recorder for measuring and recording exte‐
rnal exposure.  Recorder charts are read on the same sctledule used for atr sample collection, and
the charts are removed weekly for review and storage at EPA's laboratory in Las Vegas, Nevada.

EPA ls presently planning to install telemetered gamma monitors at these stations.  When this

change is effected, EPA will revise its collection and analysis of charcoal and Particulate
f1lters to once s week.                                                  ‐

Thermoluninescent dosSmeters have been placed at each monitoring station as well as at a repre‐

sentative number of population conters surrounding TMI.  Locatlons are shown in Appendix M of
this progranwnatic statement (Appendix D of EPA survelllance plan).  TheSe dOsimeters are read

quarterly.             ‐

In dddittton to the above, weekly compressed gas samples are taken at Yorkhaven, Goldsboro, Hiddie―
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The EPA・ s base long‐ term program discussed above will continue and can い e augmented in the future
if Particular decontamttnation3 make it necessary.  Such augmentation of the monitoring progrdm

for the venting of the Kr‐ 85 from the reactor building consists of survey meter and ion chamber
measurements, collection of compressed atr samples for Kr-85 analysis, and ヽ ntensified collection
of samples from routine aSr monitoring stations.

EPA also collects and analyzes water samples as follows:  (EPA does gamma spectroscopy, DER
analyzes for tritium, gross alpha and gross beta: weekly composites are analyzed for stronttum-89

and 90 at the Eastern EnvSronmental RadiatSon Facility, EPA, Montgomery, A16.)

(1)TMI Outfall (all plant discharge, both units)。  daキ吊y,

(2) Lancaster Water Works intake ―  daily,

(3)CSty ISland 。  (uPStream river water)‐  weekly, and

(4)Sediment pond, THI (runOff Water)behind Unit 2 cooling tower.

There iS a continuous gamma monitor on the 001 TMI outfall with a high― ]evel alarm that auto―

matically 31ertS EPA and DER to the presence of gamma activity in the water in excess of

1000 pCi/L Cs‐ 137 (1/20 of permissible level).

EPA reports 31l reSults of monitoring measurements from thetr baseline program on Friday each

week to the public and news media.

11.4  COMMONWEALTH OF PENNSYLVANIA RAD10LOGICAL MONITORING PROGRAM

The Department of Environmental Resources of the Commonwealth of Pennsylvania operates three

continuous atrosampling stationsi one at tlle Evangellcal Press Bu1lding in Harrisburg, one at the
TM1 0bservation Buヽ lding, and one in 6oldtiboro near the boat dock.  Each atr‐ sampling station

ccnsists of a particuヽ ate fヽ lter followed by a charcoal cartridge.  The filters and cartridges

are changed weekly; the particulate atr satmples are gamma scanned and beta counted for reactor―

related radionuclides.  The particulate atr samples are composited quarteriy and an31yzed for

Sr-89 and Sr‐ 90。  The charcoal samples are gamma scanned for reactor― related radionuc]ides.  The

Commonwealth, however, does not have the calpability to sample or analyze for Kr-85.

The Cottmonwealth8s milk sampling has revert,ed to Sts routine surveillance program, which consists
of monthly milk samplSng at two dairy farmsi near the site.  The mヽ lk samples will be gamma scanned

for all reactor‐ related gaFlma― emittヽ ng radionucl村 des.  The Commonwealth has TLDs at ten loca、 )tons

which are collected and read monthly.  The Commonwealth a150 Will collect local produce and fish
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in season. The produce and fish samples will be analyzed by gamma spectroscopy for any reactor--
related radionucl ides. The Comonwealth also part ic ipates with EPA in monitor ing the pr incfpal
aqueous outfalls of Tl.lI-2. :

11.5 U. S. DEPARTTIENT 0F ENERGY RA0IOL0GICAL MONIToRING PR0GRAM

11.5 .1  Bad ig loq ica ' l  Mon i to r ing  Proqram , , : : r l

DOE wi l l  provide soi l  and vegetat ion analyses from seven si tes seniannual ly.  In-si tu gamma
spectrometry analyses vi l l  be conducted at these seven plus one addit ional s i te.  TLDs are also
in place at these si tes pius four state monitor ing locat ions. I f  levels of radionucl ides demon-
strate any increase above background levels,  the samples wi l l  be subjected to detai led radjo-
chemical analyses.

11.5.2 Atmospheric Release Advisory Capacity

DOE has avai lable for s igni f icant radiological  releases to the atmosphere i t ,s Atmospherjc Release
Advisory Capacity (ARAC). This ARAC system provides independent predict ions of the d' ispersion
patterns for such releases based on local meteorological  data and National l .Jeather Service reports.
These predict ions use atmosoheric dispersion models which have been veri f ied during many years of
f ie ld experience and tests in government programs. The pred' icted dispersion patterns would be
provided to EPA, the ut i l ' i ty,  and NRC to serve as a basis for their  posi t ion' ing of ground-leve1
monitor ing teams.

11.5.3 Community Monitor ing Progrql

DOE and the Commonwealth of Pennsylvania are sponsoring a commun' i ty radiat ion monitor ing program.
This program has as i ts purpote to:  (a) provide independent ver i f icat ion of radiat ion levels in
, the TMI area by trained local community people, and (b) increase publ ic understanding of radia-
t ion and i ts effects.  The approach to achieving this purpose has involved the select ion of
ind iv idua ls  by  loca l  o f f i c ia ls  f rom the  fo l low ing  12  communi t ies  w i th in  about  f i ve  mi ' les  a round
TI.II:

East Manchester Twp.
Londonberry Twp.
York Haven
Lower Swatara Twp.
Conoy Twp.
Gol dsboro

Fairview Twp.
Royal ton
West Donegal Twp.
Mi dd'letown
Newbery Twp.
El i zabethtown

About 50 individua' ls part ic ipated in training classes conducted by mernbers of the Nuclear Engi-
neering Department of the Pennsylvania State Urr iversi ty.  About 15 training sessions wel.e con-
ducted involving classroom instruct ions, laboratory training, and actual radiat ion mon' i tor ing in
the f ie ld.  The teams ut i l ized EPA gamma rate recording dev' ices which are in place around TMI and
wil l  be supplemented by gamma/beta-sensit ive devices whjch are being furnished by DOE through
EG&E Idaho, Inc.

The training sessions provided basic information on radiat ion, i ts ef fects and detect ion tech-
n iques ,  and inc luded hands-on exper ience w i th  mon i to r ;ng  equ ipment  in  the  f ie ld .  Fo l low ing  the
complet ion of t raining in the third week o' f  Apri l ,  tean representat ives in each of the 12 selec-
ted areas began data acquisi t ion from the glamma and gamma/beta-sensit ive instruments on a rout ine
basis.  Detai led procedures were developed to consol idate the information being obtained into a
central  point of  contact in the Commonwea' l th of Pennsylvania for disseminat ion to the press,
local of f ic ials,  and other interested part , ies on a rout ine basis.  Haintenance and cal ibrat ion
procedures also were developed and were in effect pr ior to the ini t iat jon of rout ine f ie ld moni-
tor ing. The community monitor ing program was ini t iated on l4ay 21, 1980, and the results of
measurements from this program were report ;ed dai ' ly to the publ ic.  Present ' ly s6ty the units at
Fairview, lriest Donegal and Newberry continue to be actjve.

11.5 U.S. NUCLEAR REGULAT0RY C0MlilISSI0N RITDI0LOGICAL I40NIT0RING PROGRAM

The NRC operates one air-sampl ing stat ion located in the midd' ie of the reactor complex. The ajr
sample is changed weekly and will be analy:zed by gamma spectrometry. The NRC places two sets of
TLDs at 59 locat ions in the area around Tlt l l -2.  Each set contains two l i th ium borate and two
calcrum sulfate phosphors. The l i th ium bo'rate phosphor has the abi l i ty to detect beta radjat ion
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from Kr-85. Both sets wi l l  be read on a rnonthly basis;  however,  f lexibj l i ty exists to read one
set at more frequent intervals should condit ions warrant.

11.7 STATE OF I.IARYLANO RADIOLOGICAL MONITORING PROGRAM

Il - ." I fV Apri ' l  1979, the State of Maryland, Depantment of i rat ional Resources (Radiat ion Sect ion,
Divis ion of Envinonmental  Chemistry)-began monitor ing i .he levels of radionucl ide act iv ' i ty in
f ishes and sediments of the Susquehanna River at Falm6uth (about 1 mi le downstream of ThreL Mile
Island),  at  several  locat ions near and downstream of Safe Harbor Dam and Holtwood Dam, and in the
Conowingo Pond. The Chesapeake Bay also has been monitored at several locations from the r,routh
of the Susquehanna River to about Worton Foint (south of the Sassafrus River).  Fishes, oysters,
blue crab-,  an! baV_ sediments have been studied. Monitor ing of both the r iver and bay wi i t  con-
t inue during the cleanup of Three Mile Is land.

Since the accident,  the Maryland Department of Health and Hental  Hygiene (Divjs ion of Radiat ion
Control  '  Environmental  Health Administrat ion) has been 'ues-r, ing Susquenanna River water for radjo-
nucl ide content using weekly composite samples col lected at Conouingo Dam. This sampl ing wi l l
cont inue. For discharging tr i t iated water at Three Mile Is land (should that be aut iror i ied),
strong considerat ion wi l l  be given to accelerat ing the program, as appropriate, to monitor radio-
nuc l ides  in  the  water .  Cons idera t ion  a lso  w i l l  be  g iven 1o  sampl in j  ups t ream o f  the  Conowingo
Dam sampling_ p-oint in order to di f ferent iate more aicurately t t ie raOi6nucl ides or iginat ing a1
Three Mile Is land from those or iginat ing at Peach Bottom. 

-Users 
of Susouehanna Ri ler wai,e:"

w i th in  Mary land w i l l  be  adv ised,  as  app iopr ia te ,  on  ac t ions  to  be  taken, ' shou ld  tha t  become
necessary.

11.8 CONTINGENCY SURVEILLAI{CE PROCEDURES

Contingencv- planning for the pro+-ect ion of the publ ic must address the possibi l i ty of  unplanned
releases of airborne radioact iv i ty to the general  environment,  as wel l  as l iquid ie ' leases to the
Susquehanna River.

In  the  event  o f  a  re lease o f  a i rborne  rad ioac t iv i t y  in  excess  o f  the  l i censee 's  Techn ica l  Spec i -
f i ca t ions  l in i t s ,  the  EPA 0n-S i te  Coord ina tor  w i l l  be  no t i f ied  by  the  NRC.  NRC hea l th  phy l i cs
personnel would be supported by radiat ion monitor ing equipment and analyt ical  capabi l i t ies,
i t rc luding the t{RC Region I  mobi le laboratory. Addit ional i ' lRC personnel would be onsite within
two hours; the locat ion of the mobi le laboratory at the t ime of the occurrence would dictate i ts
response t ime. The Senior NRC Site Representat ive wiI I  ensure that the EPA On-Site Coordinator
has access to current release data and meteorological  information. In addit ion, the DOE Emer-
gency Coordinat ion Center wi l l  be not i f ied by NRC and may be requested to provide aerial  measure-
ments and plume tracking. The response t jme for an aircraft  to reach TMI can be expected to be
fron two to three hours under normal condit ions, with a six-hour" maximum under vir tual ly any
cond i  t ion .
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Ai r  sampl ing  w i l l  be  a  measure  o f  inha la t ion  exposure  and po ten t ia l  con taminat ion
food crops. S.hould a p-rolonged airborne release occur,  supplemental  air  monitor ing
be es tab l i shed.  Ten a i r  samplers  w i l l  be  kept  ava i lab le  by  EPA fo r  th is  purpose.
have three compressed air  samplers avai lable for krypton gas sampl ing. Apparatus
for subsequent tr i t ium analysis also wi l l  b" avai lable for pronpt use by EpA.

o f  m i l k  a n d
s ta t ions  w i  I  I

E P A  a l s o  w i l l
to  sample  a i r

Releases of contaminated water that are above the l icensee's permit ted level for discharge to the
Susquehanna R iver  shou ld  no t  occur .  The cont ingency  p lan  fo r  re leases  above the ' l i censee 's
permit ted !evel involves prompc conf irmation of the released act iv i ty bry eomposi ie sarnpie analy-
s is ,  fo l iowed by  no t i f i ca t ion  o f  the  impact  o f  the  re lease to  duwnst rea ln  users .  EPA's 'Req ion  I I I
0 f f i ce  w i l l  be  respons ib ' le  fo r  no t i f y ing  ad jo in ing  s ta tes .

11.9 REPORTING PROCEDURES

There are two types or data-report ing procedures. The f i rst  type is designed to distr ibute
information upon which immediate act ion might,  be taken and consists of informal report ing methods;
the  second procedure  is  des igned to  p rov ide  a  ver i f ied  da ta  base.  In  add i t ion ,  there  w i l l  be  a
procedure for report ing information to the news media.
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11.9.1 Immediate Repornt ing Procedqreq

Each of the monitor ing agencies wi l l  prompt ' ly inform thu other monitor ing part ic ipants of con-
f i rmed, posit ive levels of reactor-related radionucl ides through the EPA onsite representat ive.
He wi l l  promptly relay the information to the other orgal izat ions by telephone or in person to
each Federal  agency and the Commonwealth of Pennsylvania, fol lowed in ei ther case b;t  wri t ten
documentation of the event.

Periodic meetings are cal led by EPA at Tl l I  to discuss proposed and ongoing operat ions which coulo
impact the offs i te agencies and to exchange information.

11.9.2 Report ing Data into the Oata Base

Ai l  data are reported in the format previously specif ied by [PA. Data from NRC, D0E, and the
Commonwealth of Pennsylvania are submitted to EPA r ionthly for inclusion in the data base. EPA
data also are placed in the data base monthly.

0n a monthly basis,  EPA wi l l  p lace data obtained from Metnopol i tan Edisotr  and the Commonwealth of
a Pennsylvania, as wel l  as relevant data fron other organizat ' ions, into the data base. EPA then

wil l  
-use 

computer transfers to transmit  monthly updates to the data base to the or iginat ing
organ iza t ions  fo r  ver i f i ca t jon .  A l l  da ta  w i l l  6e  ver i f ied  by  the  or ig ina t ing  organ iza t ion  w i th in
lS-days of rece' ipt .  Any emors wi l l  be referenced by sample number for correct ion. Periodic
updates wi l l  be made avai lable to al l  part ic ipants.

11 .9 .3  Repor t ing  ln fo rmat ion  to  the  Ne

The EPA is the lead Fedenal agency responsible
media. Each part ic ipant wi l l  keep each of the
of pending media releases concerning TMI. As
Itletropol itan Edi son Company.

for distr ibut ion of environmental  data to the news
other  par t i c ipants  in  th is  p lan  adv ised in  advance
appropr ia te ,  re leases  w i l l  be  coord ina ted  w i th

11.10 rcNIToRING 0F AQU.CTIC ECoLoGY AND RECREATIoNAL FISHERIES 0F THE SUSQUEHANNA RMR

Appendix B of the operat ing l icense for TMI-2 contains [nvironmental  Technical  Specif icat ions
(ETS) that require Metropol i tan Edison Company to monitor stat ion eff luents and the Susquehanna
River for nonradiological  impact from operat ion. The ETS for Unit  2 were issued by NRC on Fe-b-
ruary 8, 1979, and require three years of operat ional studies of:  ( t )  Rhysical  and chemical
charlcter ist ics of the York Haven Pond of the Susquehanna River (see Fig. 11.2);  (2) thermal and
chemical character jst ics of the cool ing water discharge eff luent;  (3) general  ecology of the
pond,  inc lud ing  ber r t f i c  macro inver tebra tes ,  f i sh  eggs  and la rvae,  f i sh  popu la t ions ,  f i sh  lTOinge-
inent,  and f ish egg and larvae entrainment;  and (4) recreat ional f ishery creel survey- of f ishing
effort ,  catches, 

- ind 
harvests in the pond and other nearby f ishing areas. Addit ional ly,  the ETS

require the l icensee to make a prompt report  to NRC of any unusual or important events, such as
f ish  k i l l s ,  near  o r  downst ream o f  the  s ta t ion .

These studie. i  are a cont inuat ion of those that have been ongoing since Unit  1 commenced operat ion
in 1974. Results have been presented in a ser ies of annual reports as required by the ETS. .
Annual reports for the years 1974 through 1978 are contplete and constitute a five_-year pr€accj-
dent recoi.d of environmental  condit ions in York Haven Pond. The annual report  for the f i rst
postaccident year of 1979 is complete. These lgport_s have formed the bases for impact assess-
inents in the 

-1976 
NRC Final Supplement to the Final Environmental  Statement o-n the ope-rat ion- of

TMI-2 (NUREG-0112) and assessments presented as test imony during the 1977 environmental  hearings
in Hari isburg. Fol lowing the accident,  those annual reports plus other independent data sources
were used in-assessing t [e status of the aquat ic biota and the recreat iona] f ishery of the r iver
near T?, i i ,  wi th result i  contained in NUREG-0591i.  The annual reports and the postacciden! ! io-
iog ica l  i ssessment  a re  used as  in fo rmat iona l  : iources  in  th is  PEIS and are  conta ined in  Refer -
ences 1 through 7 of Appendix E.

These nonrad. io log ica l  s tud ies  do  no t  d ' i rec t l y  mon i to r  e i ther  env i ronmenta ' l  rad ia t io r r  leve ls  o r
their  dose effects,  but they do provide informatjon on eco' logical  status of the r iver upstream,
near,  and downstreim of the nuclear stat ion, and in al ' l  three channels of the York Haven Pond
(see 'Append ix  E ,  F ig .  E .1  fo r  re fe rence) .  F i r ;h  d isease,  -paras i te ,  abnormal i t y ,  and mor ta l i t y
iond j t i ins  a re  iou t ine ly  mon i to red  dur ing  the  r i ver  s tud ies .  These are  use fu l  fo r  shor t - te rm
(mor ta l i t ies  o r  f i sh  k i i l s )  and long- te rm (d isease)  e f fec t  s tud ies  a f te r  an  acc ident  o r  rad io -
iog ic i f  re lease event .  Th i  s tu r ' ies -have de f ined (and cont inue to  mon i to r )  those aneas o f  the
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Figure 11.2.  Sampl ing of  Susc;uehanna River .  Envi ronmenta l  technic ians
routinely sampler water upstream and downstream from TMI.
The samp'les are analyzed for several materials, although
no accident-gen€rrated water may be discharged from the
stat ion.  (Of f ic r ia l  TMI Photo)
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river near Tlil l that are most important to the fishes as spawning and nursery areas. Radiological
releases -(planned or accidental)  therefore can be evaluated in relat ion tb their  presence 

-or

absence in important areas of the r iver.  Monitor ing of the recreat ional f ishery'permits an
examinat ion of Tl , l I -2 operat ion on the f ishery resourcE at the point of  exploi tat ion. '  The studies
define those areas oi the river most important to fishermen aird provide information on the food
chain that can be used for assessing thi  l iquid radiological  patt iway to man via f inf ish consump-
tion. -These programs monitor the aquatic biota and spoit fishery i-n ttrat segment of the Susqui-
hanna Riven where the Tl . l I  ef f luent f i rst  enters, where i t  is the- least di lutE, and where effects
( i f  any) wou' ld be seen f i rst .

The Commonwea' l th of Pennsylvania l {at ional Pol lutant Discharge E' l iminat ion System (NPDES) Permit
requires in-plgn-t  monitor ing of thermal and chemical ef f luents, as ryel l  as e-ntrainnent and impinge-
ment.  The combinat ion of the studies required by,the NPDES and the ETS provide a spectrum bf
data needs for analysis of the environmental status of the aquatic resources of the river. Both
grroups of studies are corrt,inuing, and data summaries are provided to the respective agencies on a
n::nthiy basis.  The annual report  required by the ETS is on a calendar year basis.
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12. c0NcLUsI0Ns

In this-programmatic environmental iinpact statement, the NRC staff has evaluated the environ-
mental. impacts and other costs and benefits associat-ed with the proposed c'leanup of Three Mile
Island Unit  2.  As a result  of  i ts evaluat ion, the staff  has made l t re tot ' lowing f indings and
conc I us i ons :

12.1 Conclusions on Environmental  Impacts and Other Costs

1. The cumulative radiation dose received by the entire work force would he in the range of
2999 fo 8000 person-rem for the whole cleanup program. It is predicted that less thin one
additional cancer death attributable to expbsirre-to radiation will occur among the work
force (the death :"ate from cancer due to other causes among the U.S. populatioi averages
gpProximately 200_ deaths per 1000 people). l{ot nore than two additioirai genetic effeits
in descendents of the workers are expbcted to occur (among the U.S. populition, approxi-
matgllt 50 genetic defects can be expected per 1000 people)-. _ This is 

-the 
most siqni'ficant

radiological  impact expected from the cleanup act iv i t ies. (See Sec. 10.2)

. The occupa,t_ional dose to an individual worker will be limited to 3 rem/quarter in accord-
ance with 10 CFR-Part 20; however, the exact dose below 3 rem/quarter to any one individual
cannot be determined due to lack of information about specif ic 'work assignmbnts.

Throughout the cleanuP, anV ant ic ipated releases to the environment must be control led by
the l icensee in accordance with the staff 's prolosed eff luent cr i ter ia to conform to th6
individual dose design object ives l isted in 10 CFR Part 50, Appendix I ,  as mandatory
l imit ,s.  The total-body dose degign object ives are 15 mrem/y6ar ' f rom airSorne part icuiate
releases and 3 mrem/year from l iquid releases. (See Sec. 10.3.4)

Oecontaminat ion methods.and technology are avai lable which can be used to complete the
cleanup-in accordance with the offs i te dose l imits stated absve. I f  the cleanup is con-
ducted in accordance with the staff 's proposed eff luent cr i ter ia,  the staff  ei t imates
tfat ,  fql  the ent ire cleanup, the total  body dose to the maximum exposed individual of f-
s i te-wi l l  range from 0.8 to 2.3 mrem for gaseous eff luents and from 0.0015 to 1.1 for
l iquid eff luents. The cleanup is expected to take from 5 to gyears to complete.

An individual of fs i te receiving the_maximum est imated dose result ing from atmospheric
releases during the ent ire cleanup (0.8 to 2.3 mrem) would incur anist imated intreased
risk of dying from cancer of between 1 in 2 mi l l ion and 1 in 600,000, and an increased
risk_of a-genet ic effect to offspr inJ over the next 5 generat ions bt O-etween L in 300,000
and-1. in 100,000. A: "  rest l t  of  l iquid releases which may occur over the ent ire cleinup
period, an individual receiving the maximum est imated Oosl (0.0015 to 1.1 mrem) would'
incur an est imated increased r i lk of  dying from cancer of between 1 in 1 bi l l ion-and 1 in
l_mil l ion, and an increased r isk of genet ic effect to offspr ing over the next 5 gcnera-
t ions  o f  be iween 1  in  200 mi l l ion  and-1  in  200,000.  (See S ic .  iO. f )

I f  an offs i te dose equal to the_ qtaff- 's proposed (10 CFR Part 50, Appendix I)  atmospheric
annual l i .n i t  (15 mrem/yr. ,  total  body) were received, that indivfdui l  would fncur an est i -
mated increased r isk of dying from cancer of 1 in 100,000 and an increased r isk of a
genet ic effect to offspr ing over the next 5 generat ions of about 1 in 20,000. An offs i te
dose_equa1 to- the-staff 's proposed l iquid annual l imit  (3 mrem/yr. ,  total  body) would
resu' l t  in an individual incurr ing an est inated increased r isk of dying from canier of 1 in
500'000 ald gn increased-r isk of a genet ic effect to offspr ing over the next 5 generat ions
of about 1 in 80,000. (The average r isk to members of the U.S. populat ion of dying from
cancer is approximately 1 in 5 and the r is ik of genet ic effects is 'about 1 in 17.)

I f . the cleanup is conducted in accordance with the staff 's proposed eff luent cr i ter ia,  the
total  cumulat ive dose received by the enl; i re populat ion within a S0-mile radius of TMI-2
due- to b-oth gaseoJs- an-d liquid releases would range from 10 to 30 person-rem for the
ent ire cleanup. This is a smal l  f ract ion (about.0U[) of  the backgiound radiat ion dose
received by the population from causes ottpr tiian releases from TMI lpopulation background
radiat ion dose = 116 mrem/yr x 2.2 x 106 peopie = 255,000 person-remi; . '  (See Sec. lb.3)

3.
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5.

6.

Although the number of truck shipments necessary to carry solid radioactive wastes to
disposal s i tes wi l l  be large (ranging from about 350 to 1000),  the shfpments wi l l  be made
over a long period and shou'ld cause little traffic congestion. Adherence to Federal
packaging and shipping regulat ions wi l l  result  in smal l  radiat ion doses to those along the
shipping route. If all Tl,lI wastes are shipped to the furthest potential storage site, the
estimated 700,000 persons who reside along the 2750-mile route might receive a curnulative
populat ion dose si thin the range of 20 to 50 person-rem. (See Sec. 10.3.3) 

' i

An individual onlooker who spends three minutes at an average distance of 3 ft from a
truck loaded with radioact ive waste might receive a dose of up to 1.3 mrem. This dose
uould increase the individual r isk of dying from cancer by 1 in I  mi l l ion. The increased
risk of genetic effects from the dose to offsprring of the exposed individual is about 1 in
2 0 0 , 0 0 0 . -  ( S e e  S e c .  9 . 5 . 1 . 2 )

Radioactive fuel and high-specific-activity wastes from TMI-2 must be packaged and
wil l  have to be stored at the si te temporari ly unt i l  a sui table disposal s i te is estab-
l ished elsewhere. No signi f icant environmental  ef fects are expected from these act iv i t ies.

FronL/2 to I  acre of land at authorized disposal s i tes wi l l  be required for the low-level
wastes  f rom TMI-2 .  (See Sec.  9 .5 .1 .3 )

The expected consequences of credible accidents are smal l  (below the requirement of 10 CFR
Part 20 for normal operat ion).  (See Sec. ]0.4)

Resources that wi l l  necessari ' ly be committed to the cleanup are mater ials of construct ion
such as steel and cement,  chemicals,  organic resins, and other mater ials,  none of which is
in short  supp' ly in comparison to the annual U.S. product ion. (See Sec. 10.7)

Psychological distress caused by the accident and operations necessary to proceed with the
cleanup has decl ined but there is a potent ial  for temporary increases in distress as
various cleanup act iv i t ies are undertaken. (See Sec. 10.6)

L2. Socioeconomic impacts include potential consumer avoidance of Chesapeake Bay seafood
products that the publ ic may be' l ieve are contaminated i f  processed vater is released to
the Susquehanna River,  potent ia ' l  consumer avoidance of mi lk products sold d' i rect ly to
consumers fol lowing airborne releases of radioact iv i ty,  and the potent ial  adverse market
effect on resident ial  property close to the transport  route through Middletown,
Pennsylvania, dur ing the period of waste shipments fr6m TF1I.  (See Sec. 

. |0.6)

13. The differential monetary costs among su'itable cleanup methods are small compared to the
expected total  costs of the ent ire cleanup and therefore do not const j tute suff ic ient
concern to affect a decision as to which al ternat ives should be chrsen to accompljsh the
c leanup ac t iv i t ies .  The over r id ing  cons idera t ions  shou ld  be .ensur ing  the  pub l ic ' s  hea l th
and safety and protect ion of the environment.  (See Sec. 

'10.8)

12.2 Addit ional Conclusions

1. Exist ing methods are adequate, or carr be sui tably modif ied, to perform vir tual ly a1l  of
the necessary operat ions without incurr ing signi f icant environmental  impacts. Wirere.
special  tools or methods are found necessary for operat ions such as defue' l ' ing, engineering
ei<pert ise is avai lable to cope with such requiremehts. (See Sec. 6.4)

An early decision tn decommission TMI-2 would have very l i t t le effect on the choices of
al ternat ives for the cleanup tasks because most of the same tasks must be performed in
orden to remove and dispose'of the dam'aged fuel.  (See Sec. 2.2)

I f  the damaged fuel and radioact ive uastes are not removed, the Is land would, in effect,
become a peimanent waste disposal s i te.  The locat ion, geology, and -hydrolog_y of Three
Mile Is laird are among the factors tha.t  do not neet cument cr i ter ia for a safe long-term
waste disposal faci l i ty.  Removing the damaged fuel and radioact ive waste to.storage si tes
that do nieet al l  of  the relevant cr i t ,er ia is the only rel iable means for el imi l tat ing the
r isk of widespread uncontrol led contaminat ion of the environment by ! l - te accjdent wastes.
The staff  has'concluded that TMI should not become a permanent waste disposal s i te.
( S e e  S e c .  2 . 1 )
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謡祉齢:鞭辞畿欝響絲器鮒淵撒甜
Th● contantslated accidentogenerated water in the reactor buSlding basement (sump)and in
the reactor pr:nBaty system cannct be left Sn fts present conditfon and locat,on ff the
cleanup effort is to Proceed.  Renov31 0f th:s conta冊 村nated accident water wili FeduCe the
atrborne and dfrect radSatう on levels in the buヽ lding sufficSently to permit other ctteanup
operetヽcns to be accompltshed with Oreater safety. tSee sec. 2.1.2)

Treat研危耐t of the contaninated accident watttr will transforln ihe entrained raご ioactivity
fron ttts current mob1le state to a more manageable forln by concentrat:ng siヽ d ttnwnobil lzi ng
the activtty by an approprttate process.  The ● leanup activity will ellminate the risks

品;:!i:ai景:r:ど」」とe苫暑七:!:.this[亀
ng:晋inテ:予i aCCitient water radionuclギ

de inventory in the

A dectston on the ultimate dtsposal of the processed water can be deferred until after the
water has been processed.  Then, the concentration of radiorluclides remainfng in the water
will be low enough for the water to be stored safely onsite じ ntil the disposal decision is
made.  Processギng the water to fmmobilfze rlost of the radfonuclides and storage of the

processed water wヽ1l not foreclose any reasonable options for dispostt村on of the water or
concentrated wastes, (See sec 7.2.5.5)

8.   The alternatives adopted for the various cleanup tasks will be those that keep the occupa'

tional doses as low as reasonably achievable.  Delaying full cleこ 辞8」p will not apprecfab,y
lower the radfattton fields (aS a result of radioactive decay) or oCCupational doses,

However, full and prompt cleanup would reduce the risks of uncontrolled radiatSogl releases

and would keep the doses to workers involved in cleanup tasks and to the public at a

minimum.  (see sec. 10.2 & 10.3)

12.3 BenefSts

l.   The mascr benefttt of tho cleanup will be the elヽmination oF the continuittg risk of poten―
t こヽl uncontrolled releases of radioactivfty tO the envSronment from damaged fuel or from

the rad付oactive materials which are distributed throughout the primary system, the reactcr

contattnment bu1lding, and the auxlllary and fuel handling buildings.  The radionuclides

are also fn the contaminated accSdent water in the reactor building basement and in the
rad村oactive waste ttn temporary storage om the lsland.  These sources are a hazard because
of the potentSal for uncontrolled radiation exposure tO workers on the lsland and to the

local populatSon.  Removal of this hazard w肯 1l relieve anxSety in 50me members of the
local populatギ on and those dependent on the Susquchanna Rttver and the Chesapeake Bay for a
l ttvel村hood, for drttnkttng water, or for recreation.  The only ttay to elininate this con‐

tinufng h8Zard and anxtety ts to clearl ttp the facilities and remove the radioactive waste

and damaged fuel to suttable storage sttes. (see Chapters 2 8 4)

2.   An incttdentギ al benefSt that would ac(:rue from the cleanuP (and the ongoing studies that

w 1ヽl be needed for planning and implementaticn) is addギ tional knowledge that would be

useful for reducing the riskS and co!lsequences of possible future accidents at nuclear

power p13ntS.

12.4 Cost― Benefヽt Balance

The staff  concludes that on balance l ;he above benef i ts and other conside:"at ions relat ive
to the ful l  decontaminat ion, cere remova' | ,  and disposal of  the radioact ive wastes from the
lilarch 28, 1979 accident at Tltll-.? greertly outueigh the environmental costs of the cleanup
act iv i t ies .  Unt i i  T i l I -Z  i s ' la rge ly  c lecontaminated ,  there  is  a  smal l  poss ib i l i t y  (wh ich
increases with t ime) of uncontr"ol ied releases of radioact iv i ty to the environment.
Decontaminat ion of the plant and disprosal of  the wastes wi l l  e l iminate this possibi l i ty
for potent ial  harm to the publ ic and workers at TMI, and wi l l  a l leviate the attendant
anxiety concerning radioactive re'leases from tlre plant" The staff therefore coneludes
that the ful l  c leanup of the faci l i ty niust proceed as expedit iously as is reasonably
feasible, consistent with ensuring publ ic health and safety and protect ing the
envi ronment.
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13.  DISCUSS10N OF COMMEttTS ON THE DRAFT PROGRAMMATIC ENVIRONMEttTAL IMPACT STATEMENT

Pursuant to 10 CFR Part 51, the Draft Progranmatic こ 71vironmental lmpact Statement (PEIS)related

to the decontamination and disposal of radicactive wastes as a result of the March 28, 1979,

accident at Three Mile lsland Nuclear Station, Unit 2, was transmitted in August 1980 with a

request for commcnts to the following federal, state and 10cal government agencies:

Advisory Councll on Historic Preservation

i        Councll on Envlronmehial Quality

Departtment of Agriculこure

't   Department Of Army, Corps of Englneers

:二:|I             Department of Commerce
Department of Energy

Department of Health and Human Services

Department of HGuSing and Urban Development

Departnent of the Interior

Department of Transportation

Environnental Protection Agency

Delaware Department of Natural Resources and Environmental Control

Maryland Department of Natural Resources

ttlaryland Department of State Planning

Nevl Jersey Department of Energy

New Jersey Department of Environmental Protection

New Jersey Department of Publ ic Ut i l i t ies

Pennsylvania Department of Environmental Resources

Pennsylvan' ia State Clearinghouse

Pennsylvania Publ ic Ut i  l i ty Cornmission

Virginia Counci ' l  on the Environrnent

Virginia State Corporat ions Conmission

Susguehanna River Basin Conmission

Dauphin County, Pennsylvania, 0ffice of Emergency Preparedness

Londonderry Tovrnship, Pennsylvania, Board of Supervisors

Tri-County Regional Planning Commission

Commissioners of Dauphin County, Lancaster County, and York County Pennsylvania

Mayors of Middletown, Harrisburg, Goldstroro, Lancaster, York, Hershey, Lebanon, Hurrnelstown,
Highspire, Camp l{ i l l ,  Faxtang, Lewisbetrry,  York Haven, El izabethtown, Colurnbia,
New Cmberland, Manchester, and Stee'lton, Pennsylvania

Commissioners of Balt imore and Hartford Count ies, Maryland

i|ayors of Ealtimore and Havre de Grace, Maryland
一
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In addition, a notice requesting csirnents from interested rnembers of the public was published in
the_Federal Register on August 15, 1980, and about 2000 copies of the pEIS were subsequenily
mai led to individua' ls and-organizat ions at their  reguest.  The comments received are reprodirced in
Appendix A of this Final pEIS, which is reserved solely fon them.

The staff 's considerat ion of the corments received and i ts disposit ion of the issues involved are
ref lected in part  by revisions in the pert inent sect ions of this pEIS and in part  by the fol lowirrg
discussions. I' lhere data corrections suJrgested in the comments have been adopted by the staff,
these changes have usua' l ly been made without discussion here. The organizat ion of this sect ion
corresponds general ly to the ordering of the chapters of the staterneni;  however,  the discussions
of corments on similar topics are grouped together. The comment letters to which these discus-
sions apply are referenced by the numbers following the title of each response; these numbeFs d1^p;keyed to the letters in the Table of Contents in Appendix A.

13.1 GENERAL

13.1.1 Purpose and Scope of pEIS

13.1. i .1 The Purpose of Cleanup Operat ions (125)

The purpose of c leanup at TMI-2 is to remove from TMI-2 the potent ial  for uncontrol led releases of
radioact ive mater ial  to the environment and the attencant r isks to the health and safety of those
members of the publ ' ic residing in nearby communit ies. The cleanup wouid require the acionrpl ish-
ment of:  bui lding and equignent decontaminat ion, reactor defuel inq and pr imary sy: j tem decontami-
nat ion, and processing, packaginq, transportat ion and disposal of  radioact ive wastes.

13 .1 .1 .2  Purpose o f  the  PEIS (2 ,  33 ,  84 ,  86 ,  100,  107)

I t  is the purpose of the PEIS to present an overal l  study of the cleanuo al ternat ives, including
decontaminat ion and disposal opt ions for I l ' t I -2,  to assisi  the Commission in i ts decision-making oncleanup act iv i t ies. The PEIS indicates viable choices for each of the cteanup-siept.  

- i t  
i ,  " . t ,however,  the purpose of the PEIS to predetermine rdr ich cleanup act ion should be chosen.

The scope and purpose of the PEIS were discussed with representat ives of the president,s counci lon Environmental  Oual i ty pr io* to the draft ing of the PE!S. I t  was agreed that in keep. ino withthe purposes of NEPA to engage the publ ic in the Commission's decision-making processes, and tofocus on environmental issue: and alternatives before cormitments are nade, no cleanup preferences
should be predetermined.

The PEIS is rrr i t ten for the general  publ ic and ge,vernment agencies with the purpose of involving
the publ ic in the NRC,s decision making process regardins t i re c. leanup of TMI-Z . in accordance withthe l{at ional Environmental  Pol icy Act.  Copies of this PEIS have been provided to government agen-cies and to al l  individuals who requested copies as wel l  as to those who commented on the draftPEIS. In addit ion, copies of the draft  PEISi were distr ibuted to al l  who reguested a copy durinqthe numerous publ ic reet ings with interestecl  individuals.  copies of this pEIS are auai jaore uponrequest.  AII  conments and suggest ions on the draft  PEIS were evaluated by the NRC staff  and ai lcomnents are addressed in this pEIS.

In order to encourage publ ic involvement,  ef forts have been made to wri te this pEIS in laymen,sterms such that the publ ic reading the document can understand i t .  To this end, a glossary hasbeen included at the beginn' ing of this statement.  In addit ion, a document,  "Arrswers to Frequent ly
Asked Quest ions About cleanup Act iv i t ies at Three Mile Is land, unit-2, ,(NUREG-0732) oun p".pi""o
and made avai lable to the publ ic to explain the draft  PEIS and to assist ' in preparing comments.
The t{RC staff  also welcomes any quest ions from individuals referr ing to any i tem in i t re pf lS fo.exp lanat ion  or  c la r i f i ca t ion .  Inqu i r ies  shou ld  be  re fe f fed  to  the  ind iv idua ls  ind ica ted  in  theforeword of this statement.
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13.1 .1 .3  PEIS Is  Not  a  "B luepr in t " . fo r  C leanup (20 ,  l i l i ,  130)

I t  is not a requirement nor is i t  prudent that the PEIS should "serve as a blueprint"  or be a
"complete gu' ide" to the cleanup act iv i t ies. Many detai ls of  the decontaminat ion process are not
known because of l imited access to the faci l i ty and i ts systems. The PEIS is intended to provide
an overal l  evaluat ion of the environmental  impacts that cou' ld result  f rom the cleanup al tern.r-
t ives. As stated in the Conmission's Statement of Pol icy and Notice of Intent to Prepare a PEIS
(Appendix B).  an overa' l l  study of the decontaminat ion and disposal process wi ' l l  be " in keeping
with the purpose of the Nat ional Environmental  Pol icy Act to engage the puul ic in the Commissions'
decision-making processes, and to focus on environmental  issues and al ternat ives before cormit-
ments to specif ic c leanup choices are made".

13 .1 .1 .4  Supp lements  to  the  PEIS (20 ,  59 ,  85 ,  100,  115)

To avoid as much as possible any segmentat ion of the evaluat ion of environmental  impacts, the PEIS
presents  an  overa l l  descr ip t ion  o f  a l I  o f  the  main  c leanup ac t iv i t ies  a long w i th  a  d iscuss ion  o f
al ternat ives and the environmenta' l  impacts of these al ternat ives. However,  there are many uncer-
taint ies regarding the cleanup operat ions. For example, the precise condit ion of the reactor core
wi l l  not be known unt i l  the reactor vessel has been opened and the core inspected. I f ,  when more
information becomes avai lable, the effects of any proposed act iv i t ies are found to be signi f i -
cant ly beyond the scope of the assessnents made in this statement,  appropriate supplements wi l l  be
issued.  These supp lements  w i l ' l  no t  be  iso ]a ted  f rom the  PEIS,  bu t  ins tead,  they  w i l l  take  in to
account  any  add i t iona l  e f fec ts  on  a l te rna t ives  prev ious ly  d iscussed in  the  PEIS (e .9 . ,  change o f
schedu le)  and the  cumula t ive  env i ronmenta l  impact  o f  the  c ' leanup opera t ions  (e .g . ,  to ta l  occupa-
t ional dose, total  r^adioact iv i ty releases).  Fur"thermore, the publ ic wi l ' l  be informed of any sup-
plements and they wi l l  be made avai lable for publ ic corment.

1 3 . 1 . 1 . 5  U l t i m a t e  D i s p o s i t i o n  o f  U n i t - 2  ( 2 0 ,  3 1 ,  6 0 ,  1 0 0 ,  1 2 4 )

t lhether or not Unit  2 wi l l  be decommissioned or restored to a gondit ion acceptable for l icensed
opera t ion  is  no t  w i th in  the  scope o f  the  PEIS.  D iscuss ions  concern ing  the  u l t imate  d ispos i t ion  o f
Unit  2 are present ly premature since the l icensee has not made any proposals to react ivate or
deconmiss ion  the  reac tor .  In  e i ther  case,  the  fac i l i t y  w i l l  have to  be  c leaned-up.  However ,  to
determine i f  there would be any effects on the way the cleanup could be acccrnpi ished, the staff
d id  eva lua te  the  e f fec ts  on  an  ear iy  dec is ion  to  decormiss ion  T l4 I -2 .  Th is  i s  d iscussed in  Sec-
t i o n  2 . . ' a n d  d e t a i l e d  i n  A p p e n d i x  U  o f  t h i s  P E I S .

1 3 . 1 . 1 . 6  N R C ' s  R o l e  i n  P r e v e n t j o n  o f  t h e  T M I - 2  A c c i d e n t  ( 6 7 )

D iscuss ion  o f  NRC's  ro le  in  p revent inq  the  acc jdent  a t  TMI -2  o r  a t  any  opera t ing  reac tors  i s
beyond the scope of this Statement.  This topic is djscussed in several  of  the var ious reports of
g roups  wh ich  inves t iga ted  the  acc jdent ,  in  par t i cu la r  those o f  the  Pres ident ' s  Commiss ion  (Kemeny)
and the  NRC's  Spec ia l  Inqu i ry  d i rec ted  by  Mi tche l l  Rogov in .

13 .1 .1 .7  Restar t  o f  Un i t - l  (27 ,  3 I ,  102,  L24)

Issues conce.rning the restart  of  TMI-I  are addressed jn a separate environmental  review. The
s ta f f  cons iders  the  res tar t  o f  TMI -1 ,  i f  au thor ized ,  to  be  who l ly ' independent  o f  the  TMI-2  decon-
taminat ion  process .

1 3 . 1 . 1 . 8  C l e a n u p  A l t e r n a t i v e s  I n v o l v i n g  O t . h e r  A g e n c i e s  I n c l u d e d  ( 1 2 4 )

C leanup a l te rna t ives  tha t  may invo lve  another  agency  o ther  than the  NRC (e .9 . ,  EPA,  DOE)  are  jn -
c luded in  the  d iscuss ion  presented  in  th is  S ta tement .
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13.1.2  Content and Organlzation               f

13.112.l  Fo「 市at of the Final PEIS (30, 33, 85, 86, 100, 110, 32, 115, 116, 123)          i

While the draft statement had the beneflt of enabllng the reader to follow the chronologScal

sequence Of the cleanup activities, it also had the disadvantage of scattering signiflcant infor‐

mation on a partttcular issue, such as water processing, throughout various parts of the dr,ft・   As

a result, Sections 5 through 8 are reorganized to group like activities together.

Further efforts have been made to ‖ rite the PEIS in laymen's terms so that the document can be

easily understood.  Toward this end, the glossary has been extended.

13.1.2.2  1nadequacy of Summaries (52)

Whlle some addtttional technical information has been added to appropriate parts of the summary, in

general, the summary has been simpllfied so that it is more readily understandable by the public.

13.1.2.3 NttbeFS and Calculations in Draft PEIS are not‖traceable"(32,35,37,79)

To the extent practicable, sources of numerical calculations have been identified and cited

throughout this Statement.

References which point to such items as internatlonal reports, reviews, etc. are genera1ly avaキ 1‐

able at specialist llbraries mattntained at nuclear energy fac1lities or at ma30r universities.
Page numbers have also been added to many of the reference citat,ons so that specific points of

interest can be located easily.

・・Handouts to presentatlon of GPU personnel at staff site visit, 3anuary 1980H is available in the

NRC public document rooms.  An update of the cost and schedule information, "TMI‐ 2 Recovery Pro―

gram Estimate, August l, 1980.l has been transmitted to the NRC by the licensee and is also avail―
able for public inspection at the NRC public docuRent r00ms.

13.1,2.4  0rganization of Page Numbers (100)

The page numbers are organized by sections and are preceded by a section nuttber,  Individual sec‐

tions are grouped according to major topics, making it easier to locate the topic of キ nterest.

13.1.2.5  8asis for Sludge Volumes (32)

The volume of sludge varies somewhat at each location when fluids are circulated,  The 冊 OVemerlt of

fluid transports sludge to the filters where it is trapped.  In are3S SuCh as the Auxl'iary and

Fuel Hand]ing 3uキ lding (AFHB〕  Sump, Sludge levels may increase due to deconttlmination efforts that

flush sollds to the Sump, and they may decrease as water and solle sludge are pumped out of the

sump.

The AFHB Sump was tested by licensee personilel with long rods to determine the depth of the water

above the sludge.  Using that water depth atld the as― constructed dimenslons of the Sump, the

sludge voll】me was calculated to be 200 ft3.  The nleasurement and calculations 9ave the sludge

volume at one point in time and it could int,rease or decrease somewhat due to operations.  For

this reason sludge volume is usually an est｀ imated value,

In those tanks that have not been tested by personnel, the sludge volumes were estimated conser‐

vatively using the standpipe he,9ht and the tank dirnens,ons.  This was done for the Miscellaneous

Waste Holdup Tank and the Sump Tank.  Experience has shOwn that tanks involved ttn numerous fluid

transfers have llttle or no sludge buキ ldup.  The estimates for the ReactoF C001ant Bleed Tanks and

others used in the management of liquid waslLes were based on this expstヽ キence.  The larger sources

of sludge, such as the AFHB Sump9 have a better deflned sludge volunle thdll most of the tanks,

Therefore, the overall じ ncertainty in total sludge volumes given is not large, probably at most

5%.
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13.1 .3  L icensee 's  P Ians  and NRC Act ions

13.1 .3 .1  L icensee 's  Ob ' l iga t ion  to  C leanup TMI-2  (100)

The Cormission, 'in its Statement of Policy of September 25, 1980, has clearly stated the need for
the l icensee to cont inue with i ts c leanup act iv i t ies and maintenance of the faci l i ty to protect
the health and safety of the publ ic.  Al though the NRC does not have the authori ty to deterr,r ine
how the l icensee should al locate i ts resources, the l icensee has the obl igat ion to complete the
c leanup o f  TMI -2 .

13 .1 .3 .2  NRC's  Respons ib i l i t i es  Regard ing  the  C ' leanup Ac t iv i t ies  (12 ,  38 ,66 ,  67 ,  101)

By the Atomic Energy Act of 1954 as amended, the NRC is mandated to protect the health and safety
of the publ ic from act iv i t ies under i ts l icense. The NRC is the independent agency establ ished by
the Congress'  staffed with knowledgeable experts to monitor and oversee the l icenseers cleanup
act iv i t ies to ensure the safety of the publ ic.  Al l  c leanup operat ions at TMI-2 have to receive
the authorizat ion of the NRC. In addit ion, through i ts TMI Program 0ff ice onsite,  the NRC over-
sees al l l icensee cleanup act iv i t ies to ensure that operat ions are implemented according to NRC-
approved plans and in compl iance with NRC-approved l imits,  procedures and 0rders.

13 .1 .3 .3  Author iza t ion  o f  C leanup Ac t iv i t ies  (30 ,  67 ,  70 ,  IZS)

When the NRC receives specif ic c leanup proposals from the l icensee, the staff  wi l l  review them
vis-a-vis the environmental  evaluat ions in the PEIS and with respect to safety requirements.
After these reviews, the NRC wi l l  e i ther proceed to act upon the proposal or conduct addit ional
environmental  and safety reviews, i f  necessary, before making a decision on approval.

13 .1 .3 .4  PEIS Not  to  Predetermine c leanup Ac t ions  (64 ,  7s ,90 ,  90 ,  100,  107,  124)

Viable al ternat ives for c leanup are presented and evaluated in this statement.  However,  i t  is not
the purpose of this.Statement to predetermine which of the viable al ternat ives should be accepted.
0nly when the I icense submits an actual c ' leanup proposal wi l l  the NRC staff  review the proposal
and act accordingly or make recormendations to the Commission, i f  appropriate. Based on the staff
evaluat ion and recorrnendat ion, the comments from the publ ic and other agencies on the pEIS, the
Conmission wi l l  make decisions on the authorizat ion and acceptabi l i ty of  the proposed act iv i ty.

13 .1 .3 .5  Need to  Prepare  PEIS (116)

The NRC recognizes that the cleanup must proceed expedit iously.  However,  i t  is also important
that potent ial  environmental  consequences of c leanup al ternat ives as wel l  as publ ic comments and
suggest ions be considered pr ior to cleanup decisions being made.

13.1 .3 .5  C leanup Dec is ions  pr io r  to  the  PEIS (16 ,  20)

NRC decisions on previous cleanup operat ions were made fol lowing extensive revietvs, including
evaluat ion of feasible al ternat ives. For ea.ch of the major cleanup operat ions (e.g. decontamina-
t ion of the reactor-bui lding atmosphere and processing of contaminated wastewater by the EpICOR-II
system), the NRC staff  issued separate environmental  assessments which were circulaled for publ ic
comrnent.  In each case, al l  feasible al ternat ives were evaluated and comments and suggest ions from
the publ ic and interested groups were considered before the decisions were made. These act ions
were consistent with the requirements of the Nat ional Environmental  Pol icy Act;  however,  i t  was
not prudent to wait  for the compiet ion of the PEIS to carry ou'u these cleanup operat ions because
of safety and environmental  considerat ions.

The construct ion of the Submerged Demineral izer System to clean up the contaminated water in the
reactor bui ' ld ing is proceeding at the r isk of the l icensee, without NRC authorizat ion of i ts
usage.
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13.1 .3 .7  Safe ty  Eva lua t ion  o f  C leanup Proposa ls  (59 ,  91)

t lhen the l lcensee submits a proposed cleanup act ion, the staff  wi l ' l  then review i t  and perform a
safety evaluat ion in addit ion to evaluat ing environmental  considerat ions. For example, safety
precautions and backup systems wi'll be reviewed for adeguacy to ensure that the proposed action
wi l l  be safe to implement.  Appropriate technical  specif icat ions wi l l  be required for the imple-
mentat ion of the approved act iv i t ies, along with approved procedure for implernentat ion. The NRC
staff  also wi l l  maintain an inspect ion program to ensure that the approved procedures are fol lowed
during cleanup operat ions.

13.1.3.8 Oecision Procedure Prior to Authorizat ion of Processprl  l . l ! . ter Disposit ion (32, 39, 40,
42, 62, 77, 125, 130)

Pending complet ion of the f inal  PEIS, the l icensee has not made any proposal 0n the act ion to be
implemented for the dispost ion of processed water.  In fact the l icensee indjcated that no pro-
posal wi l l  be made before 1982. l , lhen such a proposal is received by the NRC for approval,  the NRC
staff  wi l l  evaluate the proposed act ion against the al ternat ives already assessed in the PEIS and
make recommendations to the Commission. The decision of the Commission wi l l  be based on the
environmental  assessment of the al ternat ives contained in the PEIS, the staff 's recommendat ' ion,
the coinnents and suggest ions from the publ ic and from other government off ic ials,  and the Commis-
sionrs own assessment.  Potent ia ' l  environmental  impacts, such as the qual ' i ty of  publ ic water and
potent ial  impacts on f ish and seafood in the Susquehanna River and the Cheasapeake Bay, are cer-
ta in ' l y  ma jor  cons idera t ions  to  be  inc luded in  any  dec is ions .

13 .1 .3 .9  The Pace o f  C leanup Ac t iv i t ies  (50 ,  70 ,  124)

b lh i le  the  need to  exped i t ious ly  p roceed w i th  the  c leanup is  des i rab le ,  i t  i s  a lso  impor tan t  tha t
the cleanup proceed in such a manner as to minimize any r isks to the herl th of workers and nearby
residents i .e. ,  only after carefu' l  assessments of the potent ' ia l  environmental  impacts from the
cleanup act iv i t ies have been made.

1 3 . 1 . 3 . 1 0  C l e a n u p  D e l a y s  ( 6 7 )

I t ' i s  un l i ke ly  tha t  shor t  de lays  wou ld  apprec iab ly  a f fec t  the  env i ronmenta l  impact  assessment .  I f
long delays that may signi f icant ly impact on the environment occur because of the f inancial  condi-
t ion  o f  the  l i censee,  the  NRC wi l l  ac t  to  ensure  tha t  the  hea l th  and sa fe ty  o f  the  pub l ic  i s
ensured and that the cleanup proceeds without further adverse impact.  I f  the detay. is because of
new cond i t ions  wh ich  have an  env i ronmenta l  impact  s ign i f i can t ly  beyond the  scope d iscussed in  th is
PEIS,  supp lement (s )  to  the  PEIS w i l l  be  prepared and issued fo r  pub l i c  rev iew and comment .

13 .1 .3 .11  C leanup Ac t iv i t jes  P lanned fo r  1981 ( I14 ,  124)

Major  p rogress  on  the  Un i t -2  c leanup is  p lanned fo r  1981.  Some examples  o f  c leanup ac t iv i t jes  the
l icensee p' lans for 1981 include: (1) The e:stabl ishment of long-term decay-heat removal for majn-
ta in ing  sa fe  reac tor  shut  down;  (2 )  con t inue c leanup o f  aux i l ' i a ry  bu ' i ld ing  ind iv idua l  a reas  and
egu ipment ;  (3 )  con t inue reac tor  bu i ld ing  en l r ies  fo r  da ta  acqu is i t ion ;  (4 )  c leanup o f  reac tor
bu i ld ing  sump water ;  (5 )  eng ineer ing  and cons t ruc t ion  o f  suppor t 'Fac i l i t ies  requ i red  fo r  c leanup
and waste  d ispos t ion .

13 .1 .3 .12  NRC Po l icy  Requ i res  C leanup to  Proceed (51 ,  52 ,  59)

0n September 29, 1980, the NRC issued a Stalement of Pol ' icy with regard to the requirement of the
l icensee to proceed with the cleanup. I t  sr lates that "The Commission wi l l  not excuse Met Ed from
compliance with any order,  regu' lat ion or other requirement imposed by this Commission for purposes
of  p ro tec t ing  pub l ic  hea l th  and sa fe ty  o r  the  env i ronment . "  Shou ld  the  i i censee fa i l  to  meet  i t s
ob l iga t ion  fo r  f inanc ia l  reasons ,  the  NRC has ,  under  ex ' i s t ing  1aws,  the  au thor i ty  to  s tep  jn  and
to act to ensure that the cleanup proceeds in a t imely manner.
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13.1 .3 .13  Uncer ta in t ies  on  Future  C leanup proposa ls  (100)

To the extent known, the cleanup condit ions have been evaluated. where condit ions are not yetknown, the envirorrmental  review was performed on the basis of the best information avai lable withdue acknowledgment of uncertaint ies. In some instances this necessitate.t  rel iance on,,best-case, 'and I 'worst-caser 'evaluat ions. upon submission of specif ic proposals by the I icensee, any neces-sary further environmental  review undertaken by the staff  wi l l  include al l  informaticn thenava i  lab ie .

13 .1 .3 .14  Sys tems Shared w i th  Un i t  1  (51 ,  101)

There is no unit  I  system present ly planned to be shared with Unit  2 that may affect the safety ofUnit- l  operat ion or Unit-2 cleanup. This separat ion includes the faci l i t ies to store waste water.

13 .1 .3 .15  Qua l i t y  Assurance Regard ing  c reanup personner  (66)

The l icensee's qual i ty assurance program provides that al l  c leanup workers should be properly
t ra ined fo r  the  par t i cu la r  c lean ing  tasks  ass igned.  The rad ia t ion  pro tec t ion  p ' lan  a lso  requ i resworkers enter ing the radiat ion area to have a Radiat ion work permit  (Rt, lp).  pr ior to receiving theR!{P'  the worker must be trained in the basics of radiat ion hazards and protect ion techniques. TheNRC also reviews al l  c leanup plans, eguipment,  methods and procedures pr ior to their  implementa-t ion to ensure personnel safety and adequate protect ion of the environment.

1 3 . 1 ' 3 . 1 6  c o s t  o f  c l e a n u p  N o t  a  M a j o r  F a c t o r  f o r  N R C  D e c i s i o n s  ( 3 2 , 6 4 , 6 6 , 6 7 )

The l icensee's proposed act ions wi l l  be independent ly evaluated by the NRC staff  according to themandated funct ion of the NRC to protect the hea' l th and safety ot i t re publ ic.  Est imated di f feren-t ial  costs between the al ternat ives are provided in the PEIS. However,  these cost est imat.es wi l lno t  be  a  major  fac to r  in  the  eva lua t ion  o f  the  l i censee 's  p roposed c le inup ac t iv i t ies .

13 .1 .4  Pub l ic  Concerns  and par t i c ipa t ion

1 3 . 1 . 4 . 1  P u b l i c  P a r t i c i p a t i o n  p r i o r  t o  t h e  D r a f t  p E I S  ( 1 1 )

The NRC staff ,  as directed by a Commission 0rder dated May zs, Lglg, prepared an , ,Environmental
Assessment--use of EPIc0R-II  at  rhree Mile Is land, Ltni t  z;  1ruunre-oisi l - -di t .o August 14, Ig7g.This document was circulated to appropriate government agencies and the general  publ ic for a 30-day  comnent  per iod .  The s ta f f  p rov ided a  d i i cuss ion  or  ine  pub l ic .o r r . i t ,  on  the  EpICOR- I Ienvironmental  assessment,  as wel l  as i ts recommendation to the Commission on October 4, lg7g. Thecommission, af ter considering NUREG-0591, publ ic cornnents and the staffrs recommendation, author-ized operat ion of EpICOR-II  on 0ctober 16, 19g0.

The pub l ic  a lso  took  par t  in  the  dec is ion-mak ino  process  wh ich  led  to  the  decontaminat ion  o f  theTMI 2 reactor bui lding atmosphere. Approximately 800 comments were received from members of thepubl ic '  state and federal  aqencies in response to the circulat ion of the draft  environmentalassessment (NUREG-0662) on the subject in March, 1980. At the request of the Governor of pennsyl-
vania and members of the publ ic,  the NRC extended the publ ic comment per. iod on draft  NUREG-0662for 30 days beyond the or iginal  deadl ine of npr i l  12, i980. Nearly 5b meetings were hetd withloca l  o f f i c ia ls ,  o rgan iza t ions  and members  o f  the  puut ic  to  d iscus i  the  issue.  The NRC s ta f f  con-sidered and responded to publ ic corments on the draft  in i ts f inal  environmental  assessment datedMay 1980 '  and the  Commiss ion  was br ie fed  in  two pub l ic  meet ings .  The Commiss ion ,s  dec is jon  wasg iven in  i t s  June 12 ,  1980 order  to  make a  cont ro l led  purce  o f  the  reac tor  bu i ld ing  to  the  

- - -

atmosphere.

Pub l ic  scop ing  meet ings  on  the  proposed conter r t  o f  th is  PEIS were  he ld  in  the  Har r isburg ,  Midd le -town and Balt imore areas during January, February and March of 1980 pr ior to complet ion of thedra f t  PEIS.  These scop ing  meet ings  are  d iscur ;sed in  sec t ion  1 .4 .
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13.1 .4 .2  Oppor tun i t ies  fo r  Pub ' l i c  to  Comment  on  pEIS (11 ,  16 , ' tO,124)

l{embers of the publ ic have had the opportunity to part ic ipate in commenting on the PEIS in several
ways:

An extended' 90-day cornment period, which ended on November 20, 1980, was provided for interested
individuals and groups to submit their  cormenis on the draft  PEIS in v*. i t ing. The NRC staff  also
met with numerous qroups in Pennsylvania, in the area around Three Mile Is land, and in Maryland to
sol ic i t  conments on the draft  PEIS. Individuals ucre not ' i f ied of these meetings, which weie pub-
l ic ized and were open to publ ic part ic ipat ion. Any port ion of the PEIS could also have been dis-
cussed with staff members at the NRC-TMI Middletown office.

13 .1 .4 .3  Pub l ic  Hear ing  on  PEIS (15 ,  20 ,  60 ,  64 ,  100,  121)

The NRC staff  does not bel ieve that a formal,  adjudicatory hearing is required in connect ion with
the PEIS, nnr has the Commission i tsel f  deemed i t  otherwise appropriate at this t ime. When the
l icensee submits a specif ic proposal regarding a part icular c leanup act iv i ty to the NRC which
requires the issuance of a l icense amendrent,  appropriate not ice wi l l  be given to the publ ic.  At
that time' a hearing may be requested in accordance with Section 189 of the Atomic Energy Act and
the Commission's implementinq regulat ions. This process is in accordance with the NRC's statutory
ob l iqa t ions  and is  cons is ten t  w i th  Sec t ion  1506.6(c )  o f  The Pres ident ' s  Counc i l  on  Env i ronmenta l
Qua l i t y  (CEO)  regu la t ions .

13 .1 .4 .4  Pec i rcu la t ion  o f  PEIS Because o f  cos t  Data  (64 ,  79 ,8s ,94 ,  100,  104,  130)

A number of cormenters requested that the draft  PEIS be supplemented and recirculated in l ight of
the absence of cost data and the deveiopment of newer or addit ional information for inclusidn in
the  f ina l  PEIS.  The qu ide l ines  o f  the  Counc i l  on  Env i ronmenta l  Oua l i t y  (CEQ)  s ta te  tha t  a  supp le-
rnent must be prepared by an agency i f :  ( i )  the agency makes substant jal  chanqes in the proposed
act ion that are relevant to environmental  concerns; or ( i i )  tnere are signi f icant new circum-
stances'  or information relevant to environmental  concerns and bearing on the proposed act ion or
i t s  impacts .  (40  CFR q  1502.9(1) ) .  Cos t  da ta  does  no t ,  in  the  contex t  o f  the  pEIS,  cons t j tu te  an"environmental  concern" so as to give r ise to the requirement to supplement and recirculate the
dra f t  PEIS.  Cost  da ta  i s  re levant  p r imar i l y  fo r  purposes  o f  compar ing  the  overa l l  des i rab j l i t y  o f
a chosen course of act ion with reasonable al ternat ives thereto. Economic considerat ions are not
of foremost importance in terms of protect inq the publ ic health and safety.  The CEQ guidel ines
further provide that the weighing of the meri ts and drawbacks of the var ious al ternat ives need not
be displayed in a monetary cost-benef i t  analysis and should not be when there are important qual i -
ta t i ve  cons idera t ions .  (40  CFR 6  1502.23 . )  S imi la r ly ,  no 'new"  in fo rmat ion  in  the  f ina l  pEIS is"signi f icant" in terms of i ts impact on the evaluat ion of the proposed cleanup. Rather,  i t  con-
sists of revis ' ions in the textua' l  mater jal  as the result  of  comments received on the draft  pEIS,
minor correct ions and ref lects the acqu' is i t ion of more t imely information. The National Environ-
mental  Pol icy Act expressly contemplates that changes in a draft  environmental  statenent wi l l
result  f rom the comment process. That is i ts purpose. This fact,  coupled with the overr iding
impor tance o f  p roceed ing  w i th  the  c leanup,  n i t iga tes  aga ins t  the  prov is ion  o f  an  add i t iona l  c i rcu-
lat ion process. The Staff  bel ieves that the draft  PEIS has afforded the publ ic with a fair  oppor-
tuni ty to cornment on aspects of the cleanup process to the extent present ly known.

13.1 .4 .5  In f luence o f  Comments  on  Dec is ions  (66 ,  69)

The comments from the publ ic form a substant ial  factor in the NRC's decision-making process. Each
comment receives careful  review by the NBC staff  and al l  pert inent comments are considered in i ts
preparat ion of this Statement.

13 .1 .4 .6  Independent  Sc ien t i f i c  Rev iew (16 ,  30 ,  66 ,  67 ,  99 ,  101)

The NRC is staffed with scient ists,  engineers and experts to evaluate al l  phases of c leanup opera-
t ions. Other government agencies, e.9.,  the EPA and the D0E, also part ic ipate in the review of
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special ized areas of the cleanup, €.g.,  monitor ing the environment and disposa' l  of  nuclear fuel
mater ials and high-act iv i ty radioact ive wastes. In addit ion, the Commission has establ ished and
funded an Advisory Panel to consult  with,  and provide advice to the Nuclear Regulatory Corrnission
on major act iv i t ies required to accomp' l ish the safe cleanup of the TMI-2 faci l i ty.  The NRC
Advisory Conmittee on Reactor Safeguards (ACRS) is avai lable to provide the Panel technical  assis-
tance, as necessary, related to the cleanup. As or ig ' inal ly establ ished, the Advisory Panel con-
sists of twelve members: three members of the publ ic residing in the vic ini ty of TMI; three
members from the independent scientific community; three members of the Pennsylvania state offi-
cials and three mmbers from local government officials.

13.1.4.7 Future Publ ic Part ieipat ion (20, 39, 40, 72, L02, LI4\

If future proposed actions or data re'lated to conditions in the reactor are within the scope of
potent ial  environmental  impact discussed in the PEIS, then pub' l ic part ic ipat ion jn the assessment
wou'ld have a'lready taken place by means of the pubfic meetjngs and comments received on the PEIS.
But,  i f  future information, or the proposed cleanup act ions, are signi f icant ly di f ferent from
those al ternat ives addressed in the PEIS, appropriate supplements to the PEIS wi l l  be prepared and
the publ ic wi ' l l  be provided opportunit ies to part ic ipate in these new environmental  assessments.
Publ jc rneet ' ings nay be scheduled. For l icensee act ions that would require an amendment to the
l icense, an opportunity to request and part ic ipate in a fonrr l  adiudicatory hearing wi l l  be pro-
vided, consistent with the Atomic Energy Act of 1954 as amended, and the NRC's implementing
regul at  ions.

13 .1 .4 .8  Comments  on  the  F ina l  PEIS (41 ,  921

Public comments on the final PEIS would be considered by the NRC stafi if the comments are on new
information in the f inal  PEIS not previously presented in the draft  PEIS and (2) such new informa-
t ion is signi f icant in terms of environmenta' l  impact.

13.1.4.9 Future Information on Cleanup (88)

Relevant information on the cleanup wi l l  be provided to the publ ic throughout the cleanup process
in several 'ways; l )status reports wi l l  cont inue to be issued by the NRC; 2) safety evaluat ions by
the NRC staff  on specif ic l icensee cleanups proposals wi l l  be avai lable to the publ ic and 3) dec' i -
s ions  by  the  Cormiss ion  w i l l  a lso  be  pub l ished documents  ava i lab le  to  the  pub l ic .

13.1.4.10 Local Referendum on l , laste Disposal Al ternat ives (67)

A local referendum on waste disposal al ternat ives has not been planned.

13 .1 .5  Decontaminat ion  Exper ience a t  0 ther  Nuc lear  Fac i l i t ies

13.1 .5 .1  Exper ience w i th  Decommiss ion ing  Reactors  (69 ,  100)

A number of nuclear reactors have been decontaninated and decommissioned in the U. S.,  al though
none were ident ical  to I t ' l I -2.  0f  these, perhaps the most notable is the Experimental  Breeder
Reactor-I  (EBR-I)  which operated at the Idaho National Engineering Laboratory from 1951 to 1964.
EBR-I was decormissioned and turned over to the U. S. Department of Inter ior.  ( I t  was subse-
quent ly declared a Nat ional Histor ical  Landmark and has been open to the publ ic for tours since
1975.) 0ther examples of decormissioned r€ractors inc' lude reactors at Elk River,  Montana, several
at the Hanford Reservat ion in the State of Washington, and the Enrico Fermi I  Plant near Detroi t ,
Michigan. The power reactor at Shippingport ,  Pennsylvania is curent ' ly undergoing
decorm' issioni  ng.

Signif icant experience exists in surface dercontaminat ion and cleanup of contaminated water.  lv lost
proven decontaminat ion methods are easi ly appl ied at TMI-2. Even though there is more surface
area and contaminated water volume at TMI-Z than has been experienced at other faci l i t ies, the
techno' logy and nethods are basical ly the stme.
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Because of the uncertainties with respect to the condition of the damaged core, of the major
c. leanup_steps, only fuel  removal may require techniques that are relat ively new, al though this is
doubtful. Prior experiences with damaged core renoval with the Canadian HRx ano NRU reactors
(Sec-t ion 1.9:. .3) and the Enrico Fermi I  reactor indicate that the operat ion can be successful iy
conpleted without maJor delays or the need to develop radical new iechnologies.

The fact that large scale decontamination is not factored into designs of commercial nuclear power
plants does not mean that the decontanination of Tl.lI-2 rrould be an ixperiment requiring untested
technology. For example, the amount of krypton-85 at TMI-2 is a mqjor difference between TMI and
other decontaninat ion si tuat ions. The krypton problem was solved b! purging with no signi f icant
en-vironmental ' lmpact. The amount of water and its contamination tevei ii i lre containmeit sump atTMI-2 is,  relat ively hioh. However,  decontaminat ion can be accomplished without signi f icant
departure from exist ing technology. The decontaminat ion wi l l  resulto however,  in a larger quan-
t i ty of  radioact ive waste. Methods for handl ing and disposing of this waste are also within
exist ing technology.

13.1.5.2 Information on Dresden-I  Decontaminat ion (gl ,  100)

The NRC staff has reviewed the information in the Environmental Impact Statement prepared for the
Dresden decontanination. Information germane to the nrll-2 decontamination has alrea_dy been con-
sidered in this Statement.

13 .1 .5 .3  Decontaminat ion  Exper ience a t  Cha lk  R iver  (100,  115)

In each of the tm incidents of overexposure at Chalk River,  the over-exposures ( in excess of 5
rem) were incurred by individuals who were not normal ly radiat ion urorkers.t ,2 nt tmt-2, a1
cleanup workers enter ing radiat ion areas are required to receive basic training in raaiat ionprotect ion. In addit ion, the health physics program and the radiat ion protecl ion plan procedure
at TMI-2 muld provide added assurance for prevent ing incident of over-exposure for c leanup
workers. ll| ith respect to the contaminated water in ftre NRX incident in 1952, the water was pumped
from the reactor basement for about 1-114 miles to trenches which had been cut into the sandy 

I

soi l .  These trenches were about 20 feet wide, 10 feet deep, and about 1000 feet long.3 Fol iow-up
studies concerning the disposit ion of the radioact i i ty have been conducted by personnel of  the
Environmental  Research Branch of the Chalk River inst l l lat ion.3-6 Ini t ia l ly,  most of the
radionucl ides were trapped near the surface of the sand.3,tr  After several  !"u"r,  some radioact ive
material migrated underground from the disposal area toward a swamp area. ihese rarJionuclides hadbeen transported dorrrn to the water table by leaching and percolation and subsequently migrated
with the ground water.6 Further invest igat ions by the Environmental  Research Branch have

lA. J.  Cipraini ,  "Health and Safety Act iv i t ies in Reactor 0perat ions and Chemical processing
Plants,"  Internat ional conference on Peaceful  uses of Atomic Energy, vol .  13, 263-265, uN pub-
l icat ions, Geneva 1956.

2E.0 .  Hughs and J .  l r | .  Greenwood,  "Contam' ina t ion  and C leanup o f  NRU, , 'Nuc leon ics ,  Vo l .  lg ,  No.  1 ,
76-80, January 1960.

3c. A. Mawson, " l r laste Disposal in the Grourrd," Internat iona' l  Conference on peaceful  uses of Atomic
Energy, Vol.  9,  676-678,696, UN publ icat. ions, Geneva 1956.

4G. C. But ler et  a ' | . ,  "Health and Safety in Canadian Operat ions," 2nd UN Conference on peaceful
uses of Atomic Energy, vol .  21, Lg-24, uN publ icat ions, Geneva 1958.

:P. J.  Parsons, rrMovement of Radioact ive l . lerste Through Soi l , , ,AECL-103g, June 1960.6P. J" Parsons, "Movement of Radioact ive Wa.ste Through Soi l ,"  Second Ground Disposal of  Radio-
active l{astes Conference, TID-7629, March 1962.
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attempted to character ize the migrat ion of act iv i ty.sr6 Stront ium-90 was the most prominent
radionucl ide ident i f ied and i ts transport  in soi l  was such that i t  would require about 150 years
before releases to the environment, al which time the amount will have sufficiently decayed to
present a minimal r isk to the publ ic.6 Review of the experience gained and est imates of the
populat ion exposure due to the waste disposal operat ions at Chalk River have been publ ished.7,8
I ' l i th respect to the Tt ' l I -2 cleanup, the treatment of the contaninated water wi l l  d i f fer s igni f i -
cant ly from that at  Chalk River.  Regulat ions appl icable to TMI-2 do not al low contaminated water
to be.released. The water wi l l  be extensively decontaminated pr ior to disposal f rom the si te.

13 .1 .5 .4  L imi ted  C leanup Exper ience (100)

The apparent ly contradictory nature of some statements in the draft  PEIS can be easi ly resolved.
The staff  concludes in the PEIS that " the basic technologies for decontaminat ion are wel l  estab-
l ished and that avai lable techniques can be modif ied to sui t  the condit ions at TMI-z."  The key in
the above statement is the term "basic technoloqies" which refers to the general  level of  scien-
t i f ic knowledge about decontaminat ion, and the industry 's abi l i ty to apply that knowledge to the
practical purpose of decontaninating Tl4I-2.

In Sect ion 1.5.2'  a statement is made regarding l imited experience with hiqh level eiecontaminat ion
of large areas of inter ior bui ldinq surfaces. This is not contradictory to the statement above
because the basic technology to accomplish high]evel decontaminat ion of large areas is wel l
establ ished' but has not been extensively required before TIVII-2. Limited experience also does not
mean no experience, Three examples are given in Sect ion I .5.2, with the Canadian NRX Reactor a
major one. t lh i le Tl l I -2 is a larger decontaminat ion effort ,  "avai lable techniques can be modif ied
to  su i t  cond i t ions  a t  TMI -2 . "

The statement on the limited experience with removal of damaged fuel and core components, and the
need for specif ic technigues for Tl4I-2 is also not contradictory. The basic technology is wel l
establ ished and we are conf ident that the TMI-2 core can be Lleaned up by using that basic tech-
nology to develop TMI-2 specif ic techniques, rnethods, and too' ls.  Each decontaminat ion effort  is
in a sense one-of-a-kind, having i ts own specif ic problems that must be overcome. I t  is wel l
establ ished basic technology that al lows industry to accomplish these cleanup act iv i t ies.

The statement regarding chemical decontaminat ion experience to remove fuel fai lure debris
(Sec .  1 .5 .4 ) ,  i s  a lso  no t  rea l l y  con t rad ic to ry .  Aga in ,  very  l im i ted  does  no t  mean non-ex is ten t ,
and examples are given where chemical means have been employed. In fact,  Sect ion 1.5.4 concludes
in the third paragraph that chemical " fuel  removal technoloqy is avai lable for appl. icat ion at
nuclear plants."  This again refers to the existence of the basic technology needed to accomplish
the decontaminat ion,

13.1.6  Regulatory Requirerlents and Authorization

13.1 .6 .1  Cur ren t  TMI -2  L icens ing  Cond i t ions  (20 ,  38 ,  79 ,  116)

Since the accident,  the Unit-Z l icense has been amended by order of the 0ff ice of Nuclear Reactor
Regu la t ions  ( runn1.  0n  Ju ly  20 ,1979,  NRR i : ; sued an  order  fo r  Mod i f i ca t ion  o f  L icense wh ich  sus-
pended the l icensee's authori ty to operate the faci l i ty except in i ts shutdown condit ion and

sP. J.  Parsons, "Movement of Radioact ive Waste Through Soi l ,"  AEfL-1038, June 1960.
5P. J.  Parsons, "Movement of Radioact ive l , laste Throuqh Soi l ,"  Second Ground Disposal of  Radio-
active Wastes Conference, TID-7628, March l[962.

7 I .  L . O p h e l ,  " E n v i r o n m e n t a l  C o n s e q u e n c e s  o { ' R a d i o a c t i v e  W a s t e  D j s p o s a l , r ' p o l l u t . i o n  a n d  O u r
Environment,  Vol.  1 '  Sackground Paper A4-4-2, Canad' ian Counci l  of  Resource Ministers, 1966.

8C. A. Mawson and A. E. Russel,  "Canadian Experience with a Nat jonal l , laste Management Faci l i ty, , '
Management of Low- and Intermediate-Leve' l  t ladioact ive l rJastes" IAEA, Vienna, 1970.
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require that pending further amendment of the l icense (DPR-73),  the l icensee sha' l l  maintain the
facility in a shutdo1n condition in accordance with the approved operating and contingency proce-
dures for the facility. 0n February 11, 1980, by 0rder of the Director, NRR, a new set of formal
l i iense requirements ulas imposed to ref lect the post-accident condit ion of the faci l i ty.  These
requirements ensure the continued maintenance of the current safe, stable, long-term coo'ling con-
dition of the facility. These requirements y+ere set forth in a new set of proposed Techn'ical
Specifications contained in an attaclment to the Order.

Future l icense amendments on specif ic proposed cleanup act iv i t ies wi l ' l  br:  based on the environ-
mental assessments contained in the PEIS or any supplements thereto, tog,:ther with an appropriate
safety evaluation of the proposed activity.

13.1.6.2 Techn' ical  Specif icat ion Unrelated to Cleanup (100)

The Technica' l  Specif icat ions issued on February 11, 1980 which are subject to the pending l i t iga-
t ion address maintenance of the reactor in a safe shutdown condit ion. These Technical  Specjf ica-
t ions are unrelated to the decontamjnat ion process and are not included jn this statement.
However,  please note that appropriate regulatory cr i ter ia and proposed Technical  Specif icat ions
pertaining to the decontaminat ion process are included in Sect ion 1.6 and Appendix K.

13 .1 .6 .3  As  Low As Reasonab ly  Ach ievab ' le  (ALARA)  Pr inc ip le  and C leanup Procedures  (52 ,1 ,25)

In carrying out the cleanup operat ions, the l icensee js required to comply with regulat ions set
forth in 10 CFR Parts 20 and 50 in maintaining radioact iv i ty releases to the environment and
worker expcsure as low as reasonably ach' ievable (ALARA). Specif ic numerical  l imits to implement
the ALARA principle wi l l  be developed for the cleanup programs. A more detai led discussion of the
proposed c r i te r ia  fo r  rad io log ica l  e f f luen ts  j s  in  Sec t ion  1 .6 .3 .2 .  When c leanup ac t ' i v ' i t i es  a re
beinq authorrzed, the technica' l  specif icat ions and operat ing procedures wi l l  be reviewed to assure
that the A-nRA principle wi l ' l  be met during implementat ion of c leanup operat ions.

13 .1 .6 .4  C leanup Cr i te r ia  (13 ,  50 ,  100,  124)

Discussions covering the cr i ter ia current ly in effect at  Tl ' l I -2 as wel l  as proposals for future
cr i te r ia  a re  p resented  in  Sec t ion  1 .6 .  The ' in te r im c r i te r ja  es tab l j shed fo r  rad jo log ica l  e f f lu -
ents are based on data-gathering and maintenance operat ions. These cr i ter ia were approved by the
NRC on Apri l  7,  1980, and are presented in Sect ion 1.6.1.6. Some cr i ter ja affect ing the TMI-2 are
expected to be developed over a period of t ime as a result  of  the issuance of this Statement.
These are  d iscussed in  Sec t ion  1 .6 .3 .  These c r i te r ia  cons is t  o f :  (1 )  fu tu re  rad ioac t ive  waste
disposal standards (Sect. ' ion 1.6.3.1);  (2) proposed cr i ter ia for radiological  ef f t 'uents from decon-
taminat ion  ac t iv i t ies  (Sec t ' ion  1 .6 .3 .2 ) ;  and (3 )  acceptab le  re+novab le  sur face  contaminat ion  leve ls
(Sect ' ion 1.6.3.3) for unrestr icted access.

13.: . .6.5 Anendments to Technical  Specif icat ions (100)

Proposed addit ions to Technical  Specif icat ions for the TMI-2 cleanup program are included in
Append ix  R.  Any  add i t ions  or  mod i f i ca t ions  to  the  ex is t inq  lT ' l I -2  L icens ing  conCi t ions  (Techn ica l
Specif icat ions) implementing TMI-2 cleanup operat ' ion wi l l  be added to the TMI-2 operat ing l icense
by mans of t -he l icense-anendment 'process. This process includes NRC review and evaluat ion for
sa1'ety and environmental  concerns, not i f icat icr of  the amendment and provides an opportunity for'  
interested persons to request a hearing.

13 .1 .6 .6  Redundancy  o f  Techn ica l  Spec i f i ca t ions  on  Dose Es t imates  and Repor t ing  (50)

Proposed Techn ica l  Spec i f i ca t ion  R.1 .3  has  been rev ised to  e l im ina te  the  redundancy  in  dose es t i -
mate and reporting requirenents.

13.1.6.7 The Need to Perform Dose Est imates During Cleanup (50)

The bases for the proposed technical  specif icat ions are descr ibed in Append' ix R. Dose calcula-
t ions wi l l  provide NRC with necessary information as the cleanup proqresses to assess the environ-
mental  impact due to cleanup act iv i t ies, to majntain radiat ' ion doses to as Iow as reasonably
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achievable. As npre experience is gained with each progran, calculations for later programs can
more accurately be made than the dose projected in this Statement.

0ose estimates accompanying proposals of cleanup activities are necessary for the staff to ascer-
tain the potentia'l environnental inpact, both during normal operation and under unplanned condi-
tions. Dcse estimates are also required for the review of on-going and future cleanup programs.
The requirements for dose estimates are not different from current requirements for operating
t'eactors to assure compliance with the As low As Reasonably Achievable (ALARA) principle of Appen-
dix I to 10 CFR 50. The staff is aware that the estimated doses may be very low for some of the
alternatives. The estimates for a particular cleanup proposal Hrould stil l be necessary to form
the basis of comparison with other alternatives and to ensure that the ALARA principle is met.

13 .1 .6 .8  The App l ica t ion  o f  Append ix  I  Cr i te r ia  (100)

Appendix I  is not developed on cost-benef i t  considerat ion based on electr ic i ty generat ion. Rather
the numerical values are based on the requirement of radioactive effluent treatment systems meet-
ing the object ive for maintaining radiat ion doses to the publ ic at levels as low as reasonably
achievab'le (ALARA). By the same analoqv, the beneiir gained from cleanup is not reasured by
generat ion of electr ic i ty but rather by the need to ensure protect ion of publ ic health and safety
and the environment.  The sdne ALARA principle should therefore be appl icable to cleanrrp
operat ions.

13.1.6.9 Potent ial  Conf l ict  Between NRC Requirements and Other Constraints (80)

A I ist  of  constraints (sett lements with local government agencies, discharge permits of the
Cormonuealth of Pennsylvania, etc.)  are presented in Sect ion 1.6.2. l , l i th respect to the potent ial
of  future conf l icts with requirements of other agencies, a Statement of Pol icy' issued t 'y the
Cormission on September 29,1980, i ' l lustrates the general  pr inciple under which the NRC wri t ten in
jur isdict ion .  .  .  creates an irreconci lable conf l ict  with NRC requirements which have been
imposed on ltlet Ed or which may be imposed in the future. l.le wish to state clear'ly, however, that
in the event of any.such ionf'l ict, NRC hea'lth, safet;r and environmental regu'irements must super-
sede state agency requirements that result  in a lesser degree of protect ion to the publ ic. , '

13.1.6.10 Emergency Preparedness Plan (,20, 32, 51, 46, 99, 115)

The scope of the PEIS does not include discussion on emergency planning. However,  the fol ' lowirrg
information is avai lable. Nuclear powerplant l icenses are required to submit their  emergency
preparedness plans for NRC staff  review and evaluat ion against cr i ter ia of NUREG-0654, "Cri ter ia
for Preparat ion and Evaluat ion of Radiologica' l  Emergency Response Plans and Preparedness in Sup-
port  of  Nuclear Power Plants."  0n June 10, 1980, the l icensee submitted to the NRC for:  review the
emergency preparedness p'lan for TMI Unit 1 ("GPil Corporation Emergency PIan for TMI Nuclear
Stat ion, Unit  1").  A Safety Evaluat ion Report  . :ER) to address the l icensee's proposed plan for
Unit  1 wi l l  be issued by the NRC staff  pr ior to the conclusion of publ ic hearings current ly being
he' ld on the proposal to restart  Unit  1.  The Emergency Preparedness Plan for Unit  2 is being pre-
pared by the licensee and is expected to be submitted to the NRC in the near future. After
receiving the proposed plan for Unit  2,  the NRC staff  wi ' l l  review and evaluate the proposal and
d iscuss  i t s  f ind ings  in  SER.

13.1 .6 .11  V io la t ions  o f  the  C lean Water  Ac t  and NEPA (20 ,  52 ,67 ,91 ,  114)

The Federal  l later Pol lut ion Control  Act authorizes discharge of pol lutants only in conformance
with i ts provis ' ions and those of the Nat iona' l  Pol lutant Discharge El iminat jon S" 'stem (NPDES) per-
mit  issued by the tJ.  S. invironmental  Protect ion Agency or i ts delegaie ( i .e. ,  the Commonwealth of
Pennsylvania).  NPDES Permit  No. PA0009920 (dated July 12, 1977) was issued to Metropol i tan Edison
Company by the USEPA for Three Mile Is land Nuclear Stat ion. Special  condit jons numbers 7 and 8 in
Part  I I I  of  that NPDES Permit  require rad' iological  ef f luents to meet NRC requirements as fol lows:
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uAl l  l imitat ions and monitor ing requirements for l iquid radioact ive waste d' ischarges shal l  be in
accordance with the l{uclear Regulatory Commission regulations as set forth in 10 CFR Part 20 and
10 CFR Part 50" [Special  Condit ion f{o.  7] .  "The condit ions of this permit  shal l  in no way super-
sede the mandatory requirernents for operation of lluclear Power Plants imposed by the trluclear
Regulatory Conmission" [Special Condition t{o. 8].

If the licensee proposes to release the processed water into the Susquehanna River and if the NRC
authorizes such a proposal, neither the intent nor any of the provisions of the Act would be
violated, s ince the NPDES Permit  would be fol loned.

The t{at ional Environmental  Pol icy Act of  1969 (NEPA) (PL 9f-190),  establ ished nat ional pol icy for
considering environmenta' l  consequences in decision making. NEPA also establ ished procedural
requiranents for the considera'ion of environmental matters in decision making, A major proce-
dural requirement is the preparation of an environmental statffent for Federal actions which have
potent ial ly s igni f icant environmental  impacts, with a considerat ion of al ternat ives to a proposed
action. This Statement was developed in conformance with NEPA, as stated on page 1-1: (the pEIS
is) " .  .  . in keeping with the purposes of the Nat ional Environnental  Pol icy Act to engage the
publ ic in the Comtission's decision-making processes, and to focus on environmental  issues and
alternatives before commitments to specific cleanup choice; are made.,'

[ {EPA does not specif ical ly prohibi t  discharging nor does i t  establ ish eff luent l imitat ions for
radioactive wastes. Section 104 of ttEPA states that "Nothing in Section 102 or 103 [procedural
secticits] shall in any way affect the specific statutory obligations of any Federal agency {1) to
comply with cr i ter ia or standards of environmental  qual i t .y.  .or (3) to act,  or refrain from
acting continqent upon the recornnendations or certification of any Federal or State agency.,' l,l ith
respect to this Staterent,  l {RC is:  involving the publ ic in i ts decision-making process;
considering alternative courses of action and the environmental consequences of each; and, is
requir ing any radioact ive discharges under considerat ion or examinat ion to meet al l  ef f luent
standards for protection of the public health and safety in accordance with the FI'IPCA and NpDES
permit.

勇 ■=
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1312  MA30R PROGRAMMATIC ALTERNATIVES

19.2,l  General Alternatives

13.2.1.1  38Entombment・ ・ of Fuel and Radicactive Wastes in the Reactor Building (4, 104, 107, 114,

116, 1219 1249 125)

As pointed out in Sectio■ s 2.l and 2.2, entombment of fuel and radioactive wastes in the reactor

bullding muld require changes in current national pollctes and federal regulat,ons, for it wOuld

convert thご  THI_2 stte to a high‐ level waste repositOry.  TMI。 2 does not qualify aS a repository
under current PoliCtes and regulatlons.

The advantages of such entombment must be weSghed attainst the disadvantage of creating a long―

term hazard and source of public stress and anxtety that wOじ ld cOntinue for several hundred

years.  The staff regards thls disadvantage to be sO ser10us that it more than offsets any galn
from sealing up the reactor bu月 lding with the fuel and contamination inside until the radioactiv―

ity has decayed to 3asafe88 1eVels.  DecommissiOning alternatives fOr TMI。 2 are evaluatea in Sec_
tion 2.2 and discussed in deta月 l in Appendix u.

13.2.1.2  A Wider Look at Clean― up Alternatives?  (64, 100)

The staff has made every effort tO address in sufficient depth credible alternatives fOr thOse

aspects of the decontaminatlon which are reasonably well defined.  Where there is significant

uncertainty, suc,, as the conditiOR Of the core, the most probably or bounding situatlons were

considered.  A number of optギ ons are llsted for each operation and attention is fOcused on the
most feasible options.  Reasons for deletion of certain alternatives from detailed cOnsideration

are discussed in greater depth in the final PEIS.  Because the time and risk associated with de―

veloping new equipment, methods has boen given considerable weight in selecting procedures, the

opt,ons chosen tend tO use proven methods for which cOnsiderable experience exists.  This fact,

coupled with the generally conservative approach iaken in calculating doses to workers and the

public, leads the staff to belfeve that the depth,of analysis provided is appropriate for this
documente  Detailed event tree analysis Of all the options would significantly increase the size

Of the PEIS and would detract from its ma50r objectives the overall evaluation Of the environtten―

tal impacts of decontamination.  ェ f, as the work progresses, it appears that the decOntamination

operations actua1ly used will differ significantly from thOse described in the PEIS, suppl ements

will be isiued Which evaluate those operations.

13.2.1.3  Reuse of cOntaminated Equipment (55, 100)

The impacts of refurbishing TMI‐ 2 are beyond the scope of the PEIS,  Equipment which is required

durlng the cleanup wOuld be decontaminated and restored to operation if necessary as part Of the

cleanup.

1 3 . 2 . 2  D e c o 「r n i s s i o n i n g

13.2.2.l  Decorrnissioning Alternatives and lmpacts (11, 16, 32, 61, 64, 66, 67, 69, 78, 84, 92,

99, 100, 114, 115, 121, 122, 124, 125)

The public has expressed strong interest in (1)the impacts of decommissioning, and (2)the ef‐

fect that various decommissioning alterna↓ vヽes would have on the chOice of cleanup alternatives.
In addition an asse3Sment of the impacts of various dlspositlon alternatives wギ ll be needed in
the foreseeable future.  Therefore, an analysis of the impacts Of an early decision to decommis―

sioning has been added to the PEIS,(see sec. 2.2 and Appendix U).

13.2.2.2  1nformation Source on Decommissioning (32)

The staff drew upon a previous repOrt (Tet,hn01ogy, Safety, and cOsts Of DecomrnissiOrling a refer―

ence PWR, NUREG/CR0130) in itS analysis of deco「 lrnissioning the damaged reactor TMI_2.
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13.2.2.3  9uratiOn Of Cleanur (32, 71)

Four basttc factors wtll determine the lenqth of time required to complete cleanup operations:
the time requtred for individual operationsi the need to carry out many of the operations in se白

quence rather than simultaneouslys the tttme requttred to resolve dttfferences of opinlon on what
should be done and how it should be dones and financモ al restrictions.  The ftrst two provided the

basis for the ttnttial estttmate of 5 to 9 years.  The thtrd and fourth faこ こors may lncrease the

duratton beyond thSs estimate.  The fourth factor has been considered ヽ n the llcensee8s reVised

estlmate that the duration of the cleanup wSll be seven years or longer.

Estimates of the tttmes required to carry out the individual cleanup operations are based on

analysts of difforent alternatives presented in detatl ln Sectlons 5 through 9, taking into con―

sttderatうon the licenseetts estimates (Fig. 1.3.1).  The various tasks involved in the cleanup op―

erat肯ons must be carefully planned and executed to keep worker expcsure to radiation as low as

reasonably achievable (ALARA) and to ensure that the health and safety of the public are ade―

quately protected.  This approach is basic for the entire cleanup, and increases the requtred
tine cver that which would be necessary for a less careful operation.

Considerable uncertainty exists in the estimates of the worker effort, occupational exposure anさ

duratton of the cleanup operations because there is very little information avatlable on the

condit村on of some parts of the buildings(e.g.,the reactor building basement)and equittent

(e.g., the fuel elements inslde the reactor pressure vessel).  However, it is possible to obtain
reasonable bounding est,mates by using knowledge of the design and operation of the equipment,

well― known physical principles, the llmited amount of data that is available, and experience

gained in prevttous situations (in which sSmilar problems occurred, even though the number and
scale of probl erls at TMI is unique(see sec.1.5).

An understanding of the important factors involved and sotgnd engineering Judgement are necesssary

for such estギ mates.  One would, for example, obtain misleading results if unique or anomalous

sltuatttons were used as a general basis for estimating task durations.  (The lOng delay in open―

ing the malfunctioning entry door is an example of an inapplicable basis。 ) The delay was primar―
1ly a consequence of a decision to delay further entry― attempts until the NRC issued a decis,on

on purging the Kr-85 f■ om the reactor buキ lding.

Many of the individual estimates of upper bounds are probably conservative.  For example, initial

estttmates of the radiation levels insttde the reactor buSiding, whlch were based on measurements

ut111zing penetrat肯 ons through the reactor building exterior walis that allowed insertio■  of in―

strじments at very few locations, turned out to be larger than the levels measured during the en―

trles by a factor of 2 to 3.

The sequence of operations, and also the licensee8s eStimate of the duration of the operations,

are summarized in Figじ re l.3.1.  As an ex3mple Of the necessity for sequencing (and of an appli_

cation of the ALARA princ,ple), the primary coolant system cannot be cleaned up until the reactor

has been defueled.  Defueling wili not start until decontamination of the reactor building has

progressed to the point where exposure of defueling workers to radiatlon has been substantially

reduced by decontamination operations.  Decontaminatlon cannot be started until plans based on

inforrnation gained during entries have been prepared, and entries were delayed until the Kr-85

was purged from the reactor building atmosphere.

The need to resolve conflicting views on how the operations shoじ ld be carried out introduces de―

lays of variable duration that are difficult to estimate.  An example is the delay in the pur9ing

of the Kr-85 from the reactor building atmosphere in order to provide time for consideratlon of

the objections of those opposed tO a direct purge to the atmosphere and to 3SSeSS alterna↓ ives

(See Sec. 5.2).  Therie may be other 6elays in order to give ful] and fair corisideration to dif_
ferent views on other issues, such as the means that should be used for disposing of the pro―

cessed water,  Publicatlon of this document should help minimize further delays of this kind.
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Delays due to f inancial  constraints are also di f f icul t  to predict  at  this t ime. There must be
money avai lable to pay workers and purchase clean-up eguipnent and supp' l ies. Restr ict ions on the
amount of money available and on how it cou'ld be spent have severely curtailed the rate of
cleanup since September 1980. Some of the money has and wil' l come from insurance; the source of
the balance of the money needed is not yet determined.

13 .2 .3  Drsposa l  o f  Rad ioac t ive  t las te

1 3 . 2 . 3 . 1  0 n  S i t e  L a n d f i l l  ( 7 0 )

No radioact ive wastes have been or wi l l  be disposed of at  the sanitary landf i l l  at  TMI.

L3.2.3.2 1l4I Not To Be Site for,  Radioact ive l , laste Disposal (31, 70, 125)

It is not intended that TI'i lI be a site for the permanent rlisposal of either spent nuclear fuel cr
radioactive wastes. To use 1l4I as a permanent waste repository 'is neither compatible with cur-
rent nat iona' l  pol ic ies nor NRC requlatory guidel ines for radioact ive waste disposal.

13.2.3.3 t t lo Regu' lat ion to Prohibi t  Temporary Waste Storage Onsite (114)

There is no regulat ion that specif ical ly prohibi ts the operat ion of a nuclear power plant with
high act iv i ty radioact ive wastes stored outside of the spent fuel  pool.  However,  there are re-
quirements that the storage of these wastes has to be safe and radiation exposures due to the
storage be within reguiatory l imits and be maintained to as low as reasonably achievable levels.

13.2.3.4 Alternat ive to Dispose Processed l . later by Control led Re1ease into River (12)

The al ternat ive to dispose processed water by control ' led release jnto the Susquehanna River is
one of several  al ternat ives evaluated in the statement for the disposal of  processed water.  Sec-
t ion 7.3 contains a detai led discussion on the potent ial  environmental  impacts of this al ternat ive.

L3.2.4 Current Status

13.2 .4 .1  Rad ioac t iv i t y  Re leases  S ince  the  Acc ident  (60)

Since the accident,  the only signi f icant release of radioact iv i ty was the control led purqing of
Kr-85 from the reactor bui lding. The total  amount of Kr-85 released has been about 43,000 Ci.
The NRC has not authorized the release of l iquid radjoact ive waste from the si te.

13.2.4.2 Reactor Bui ld ing Sump l . later Leve' l  (130)

Betweeri  650,000 and 700,000 gal lons of water are current ly in the reactor bui ' ld ing:;ump. Water
level in the bui lding increases at a smal l  rate, on the order of an inch per month. The water
level in the sump presents no inrmediate safety hazard. However,  should transfer of this water
become necessary, storage tanks onsite have suff ic ient capacity to accommodate this water.
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13.3 1T4I VICITIITY AND DOI.INSTREA}I AREA

13.3 .1  Geo losy

13.3.1.1 Tl l I  Under t ' later (52)

Comparison of ' ,water 's edge" elevat ion of 280 f t .  MSL on p. 3-1 of the draft  PEIS with the
,,average elevat ion" of the is land of 277 f t .  MSL on p. 3-5 led the commentator to the conclusion
that Tl . l I  is 3 f t .  under water.  A more careful  readinq indicates that the statement beginning with

the last sentence on page 3-1 and cont inuing on page 3-5 reads "Bedrock beneath the si te is essen-
t ial ly f lat ,  with an approximate average elevat ion of +277 f t .  MSL." The sentence is referr ing to
the average surface elevation of bedrock, not ground surface. Ground surface ranges from +280 at
the water is edge to more than +300 f t  MSL in the north-central  port ion of the is land, as stated in
the' last sentence of the next to last paragraph on page 3-1.

13.3.1.2 References on Geology (51)

The NRC is guided in i ts evaluat ion of nuclear si tes by Federal  Regulat ion i0 CFR Part 100
Appendix A to that document,  wtr ich def ines the seismic and geologic cr i ter ia for nuclear plant

s i t ing ,  and requ i res  tha t  in  the  absence o f  spec i f i ca l i y ' iden t i f ied  geo log ic  s t ruc tu res  tha t  have
the potent ial  of  generat ing earthqu.rkes in the si te region, the si te analysis must include a
designat ion of tectonic province with ' in which i t  must be assumed that the largest credible earth-
quake unique to each tectonic province can occur anywhere in that province, including i ts closest
approach to the si te.  In def ining tectonic provinces, the NRC staff  ut i l izes ntany standard, wel l -
accepted references including the ci ted, "structural  Geolooy of North America" by A. J.  Eardley.
0ther references that are used rout ine' ly for this purpose by NRC Geologists inc' lude: "Seismotec-

tonic Map of the Eastern United States" USGS MF 620 by J.  B. Hadley and J. F. Dev' ine, "The

Tectonics of North America-A Discussion to Accompany the Tecton' ic Map of North America" Prof.
Paper 628, USGS, by P. B. Kinq; and "Tectonic Map of the U. S." USGS and AAPG, by G. V. Cohee and
others. These references, a ' l though publ ished several  years ago, are st i11 widely accepted as
accurately descr ibing the genera' l  structural  geo' looy of the eastern United States for the purpose
of broad tectonic province def ini t ion. Eardley was ci ted because his was the main descript ion
used in the report .

The staff  is not aware of any state, federal ,  and contracted services on TMI rr : lated studies in
the areas of geology and se' ismology other than the si te invest igat ions by consultants to the
u t i l i t i e s .

In  regard  to  us ing  "o r ig ina l  sources , "  the  NRC geo loo ica l -se ismolog ica l  s ta f f  has  on ly  the  capa-
b i l i t y  to  rev iew data  f rom' inves t iga t ions  conducted  by  app l ican ts  fo r  nuc lear  power  p lan t
l i censes ,  in fo rmat ion  in  the  open l i te ra tu re ,  and when ava i lab le ,  U.  S .  Geo log ica l  Survey  work .
giher than exert ' ing some corrtrol  over the invest igat ive methods and analysis techniques used to
assess a si te and conduct ing br ief  qeo' togica' l  reconnaissances to si tes, NRC geoscient ists do not
generate or iginal  s i te informtrt ion.

Reference 11 was not used in wri t ing Sect ion 3.1. The geologic and seismic information generated
by the ut i l i ty was taken frorn Reference 42 and the publ ished ' l i terature. Most of the data ut i -
l ized frqn Reference 4 were results of s i te invest igat ions such as topographic surveys, bor ings,
geophysical  surveys, and f ield geologic mapping. Except for changes in the topography during si te
prepara t ion  and cons t ruc t ion ,  th is  in fo rmat ion  is  s t i l l  cons idered va l id .

1, 'Final  Environmental  Impact Statement Related to 0perat ion of Three Mile Is land Nuclear Stat ion
Units 1 and 2," US Atomic Energy Commission, Docket Nos. 50-289 and 50-320, 1972.

2,,Final Safety Analysis Report ,  Three Mi ' le Is land Nuclear Stat ' ion, Unit  2,"  Metropol i tan
Edison Co.,  t974.
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The staff concentrated on the upper strata at the site because the properties of that soii and
rock, and the or ientat ions, at t i tudes and nature of bedding, faul ts,  and ioints strongly inf ' luence
the act iv i ty of groundwater.  Signif icant faul ts,  io ints and other geologic featur.rs that are
present in rocks at 1000 feet extend up through the 100 million-year-old bedrock and are detect-
able in the upper rock strata wtrich has been mapped or penetrated by core borings.

13 .3 .1 .3  S tab i l i t y  o f  the  0ns i te  S torage Fac i l i t y  (75)

The NRC is guided in i ts evaiuat ion of nuclear si tes by Appendix A to 10 Code of Federa' l  Regula-
t ions, Part  l00, "Seismic and Geologic Sit ing Cri ter ia for Nuc' lear Power Plants."  As noted in the
PEIS, all category I structures and tanks are founded in bedrock, except the Cateqory I storage
tanks, ntr ich are founded in compacted backf i l l .  The information used to develop this input was
based on information provided in the PSAR, FSAR and relevant amendnents. Fau'lts in the site area
were also assessed and found to be within the meaning of Appendix A to 10 CFR 100. Based on our
review of the avai lable information in the geoscience area, we cont inue to conclude that the si te
is safe for a nuclear power plant; therefore any onsite storage facility founded in the sane
foundat ion mater ial  should be stable.

13.3.2 l* leteorology

13.3 .2 .1  Sources  o f  Meteoro log ica l  In fo rmat ion  (51)

Reference 91 for Sect ion 3.1.3.1 is intended to provide a def ini te source of information reoarding
the Tl4I region's ci imate based on 40 years of rneteorological  data col lect ion. General  c l imat ic
information regarding the area could also be determined from any ntrnber of other climatology pub-
l icat ions; however,  the reference provides greater detai l  for the Tl ' l I  region than any other
general1y avai lable publ icat ion. Onsite meteorological  measurements are made cont inuously on a
tower at the north end of the is land. The measurement program is descr ibed in Sect ion 3.1.3.2.
Upper air  wind information is rout inely avai lable through the nat ional weather service measure-
ments program at Phi ladelphia, Pi t tsburgh, and t lashington, D.C. This information is avai ' lable on
facsimi le maps received by the NRC.

13.3.2.2 "Appropriate" fr leteoro]ogical  Condit ions for Water Evaporat ion (99)

As described in Sect ion 3.1.3.2, forced evaporat ion may produce or enhance fog in the TMI si te
vicini ty.  Evaporat ion of water is a funct ion of the water temperature, the speed of the air  f low
across the water surface and the amount of moisture in the air  over the local area. Since evapo-
rat ion is most dependent on the above condit ions, i t  is possible to l imit  the forced evaporat ion
process to t imes when the meteorological  condit ions are: 1) winds 5 mph or qreater,  regardless of
d i rec t ion ,2)  tu rbu len t  a tmospher ic  cond i t ions ,3)  re la t i ve ' l y  "d ry  a i r "  over  the  reg ion ,  and 4)  no
precipi tat ' ion. Al though natural  evaporat ion wi l l  take place from the water surface, using the
,, forcing" process under the four condit ions qiven above should reduce the envjronmelt tal  impact of
this evaporat ion procedure.

13.3.2.3 "Northwest AnomalY"

The statement on page 5-7, Sect.  5.1.5.2 of the draft  PEIS, relat ive to the l . lNW sector at
0 .37  mi le  f rom the  p lan t  was  incor rec t .  See Append ix  W o f  the  f ina l  PEIS,  par t i cu la r ly  Tab le  | . l .2 ,
fo r  d i rec t ions  and d is tances  used fo r  o f fs i te  c lose  ca lcu la t ions .

l , ,Local Cl imatoloqical  Data, Annual Summary with Comparat ive Data, Harr isburg, Pa," US Department
of Conmerce, Environmental  Data Service, publ ished annual1y.
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13.3.3 Hydrology and River Use

13.3.3.1 Susquehanna River Hydrology (21, 79, 99, 100, 102, 130)

The minimm daily flow of record for the Susquehanna River at Harrisburg is 1600 cfs; the average
flow is 34,d)0 cfs. Approximately 25t of the flow at the site passes the discharge point in the
midd'le channel between lf,l l and Shelley Island. Be'low York Haven Dam, complete mixing is assumed
and ful l  f low of the r iver is used in determining di lut ion factors. Further discussion of the
mixing characteristics may be found in Section 3.4 of this Statement.

The nearest potable water supply is at Brunner Island, approximately 5 miles downstrean from the
proposed effluent release.

13.3,3.2 Hydrology Data Correct ions (35, 51)

Sect ion'3.1.4.1 (Surface lJater Hydrclogy) has been revised, where appropriate, to ref lect the
corrections and conrnents provided by the U. S. Geological Survey. The last tt'o sentences on
page 3-6 of the draft PEIS have also been deleted due to the recent cancellation of the Stony
Creek Project.

13 .3 .3 .3  Lowest  R iver  F low (32 ,  66 ,  102)

The Susquehanna River has never been known to run dry. As indicated in Sect ion 3.2.4.1, the
lowest flow of record at Harrisburg was 1600 cfs on November 29, 1930, and was caused by an ice
jan.

Due to the nature of hydropower operation, the flow out of Conowingo Reservoir is essentia'l1y zero
at times when power is not being generated. This assurance, however, has little or no effect on
downstrean dilution factors and net f' lushing effects of the reservoir. The lack of outward flow
does not stop incominq flow. tlith no outflow, the water can only rise upstream of the dam. The
water in the reservoir  has essent ial ly the same physical  character ist ics as the' incoming water.
The water rdrich is eventually released when the turbines are operating is the same water that
or iginal ly would have gone through the turbines but was delayed a day or so by not being released.

13 .3 .3 .4  F lood Forecas t  (51 ,  120)

The f lood forecast or predicted rate of discharge for large f loods wi l l  not change signi f icant ly
due to the cancellation of the Stony Creek Project. The drainage area controlled by thjs project
is minor in relat ion to the total  drainage area of the Susquehanna River.  Thus, the amount of
flood control afforded by that facility is minor at TMI, and the flow rate of the river at Tl'lI
w i  l1  change ins ign i f i can t ly .

I t  is t rue that port ions of the si te and the South access br idge were f1ooded during the Tropical
Storm Agnes flood of 1972. The reason that the site was flooded was that the dikes which now
protect the island were not completed at that time and water entered through the unfinished por-
t ions. The north access br idge is.  above the e' levat ion of the design f lood and urould not be
f looded by a recurrence of Tropical  Storm Agnes. Sect ion 10.5 discusses the des' igns of the faci l -
i t ies and dikes and provides pert inent elevat ions and f lood leve' ls.

13.3.3.5 Flood Protect ion (32, 67, 96, l2O, L23)

Sect ion 10.5 provides discussion of f loods and f lood probabi l j t ies, and of the f lood protect ion
for the is land. The auxi l iary and fuel hand' l ing bui lding wou' ld not be affected by the probable
maximum f lood, since the bui lding is closed off  f rom the entry of f lood tr , 'aters.

13.3.3.6 Use of Susquehanna River l.later for [,{ater Supp'ly (73' 100)

The statement on page 3-12 that " the r iver is not an attract ive source of publ ic water supply" has
been modif ied. According to ' information prorr ided to the NRC by the Balt ' imore Department of Publ ic
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lforks, the city of Baltimore does not currently withdraw, and does not plan to withdraw, water
from the Susquehanna River at the rate of 250 mil l ion gal lons per day. The last s igni f icant with-
drawal of water from the Susquehanna River for the city of Baltimore occurred in 1968 and once
again in the early 1970s. The city plans to withdraw water only during prolonged drought periods
when the levels in its water supply reservoirs drop very low.

13.3.3.7 River Flow Rates Considered for Oose Est imates (55, 66)

The flow that was used in the draft PEIS for estimating dose to humans due to consumption of water
or fish downstream was the mean daily low flow of 1700 cfs. 0n the average, the flow is approxi-
mately twenty times greater than this so that it is very unlikely that controlled discharges woulel
be made at a st i l l  lower f low. To provide more real ist ic assessments in the f inal  PEIS, a r iver
f low of 12,600 cfs has been adopted for most calculat ions; the basis for this nunber is given in
Sect ion 3.1.4.1. I t  should also be noted that the l icensee is required to conform to the techni-
cal  specif icat ions. I f  the release of processed water is permit ted, the technical  specif icat ions
would require that the re'lease be controlled to ensure that the public and the environment are
protected from harmful doses of radiation.

13.3.4 Aquat ic Ecolosy Studies (123)

Sect ion 3.1.5 of the PEIS is a summary descript ion of the ecology of the Three Mile Is land vicin-
i ty and other areas potent ial ly af fected during cleanup operat ions. In-depth specif ic accounts of
the aquat ic ecology and f isheries of the Susquehanna River and Chesapeake Bay are included in
Appendix E of the PEIS. Appendix E was prepared fron an extensive review of the literature, with
the most pert'inent sources cited and included in the references.

No experinental research per se on the ecosystems of the TMI vicinity has been done specifical ly
for the PEIS. Hotvever, studies of the aquatic ecology and fisheries of the Susquehanna River near
TMI have been ongoing cont inuously since 1974. These summaries are mentioned in Sect ion 11.10 of
the PEIS. Addit ional ly,  invest igat ions of the consequences of the accident to aquat ic biota,
fisheries, plants and animals of the TMI area have been completed and are contained in two NRC
technica' l  reports:  NUREG-0596, "Non-radiological  consequences to the aquat ic biota and f isheries
of the Susquehanna River from the 1979 accident at Three Mile Is land Nuclear Stat ion";  and NUREG-
0738, " Invest igat ions of reported plant and animal health effects in the Three Mile Is land
Areas. t'



13.4  REACTOR SAFETY PR10R TO DEFUELING

1 3 . 4。l  D e l a y s  i n  t h e  D e c o n t a m i n a t i c R  P r C C e s s迎 堕

The l{RC staff recognizes the potential risks to public health and safety and to the environment
from delays in decontmination of IIIII-2. There are references to the effects of delay in decon-
taminat ion  ac t ions  in  severa l  p laces  in  the  PEIS,  e .9 . ,  in  Sec t ions  z . l .L .L  and 2 .L .1 .2 ,  and in
Appendix C. 0f primary concern is the potential degradation of in"strumentation and systems re-
quired for the continued safe shutdown of the reactor. the staff considers it imperative that the
cleanup proceed in a t i rnely manner,  and has indicated this posi t ion to the l icensee.

L3.4.2 l4aintenance of Fan Coolers (100, 107)

The fan coolers in the TMI-2 reactor building have operated continuously for more than 21 months
without fai lure since the l4arch 28, 1979 accident;  everrtual  fai lure of the fan coolers can st i l l
be expected if maintenance is not performed. The controlled releases of krypton gas from the
reactor bui lding during 1980 el iminated the possibi l i ty of  uncontrol led releases of the gas in the
event the fan coolers fai led. The urgency of maintaining them has therefore decl ined and is prob-
ably not necessary until some gross decontanination of these highly radioactive components has
been accomplished.

13.4.3 li ' l ini Decay Heat Removal System (32, 55)

The MD|{RS is descr ibed in Sect ion 4; i t  was instal led as an addit ional method of renoving decay
heat from the core. However, the loss-to-ambient mode of cooling has been in effect since
January 5, 1981.

The MDHRS is connected to the reactor coolant systenr at tsn points by electric-motor operated
valves located in the basement. For a time there was some concern that the rising water level in
the basement would cover the valve motors, incapacitate them, and prevent the valves from being
opened. However, the valves have now been opened and the rising water level jn the basement is no
longer a threat to operation of the MDHRS.

13.4 .4  Boron Ana lys is  (32)

The conment quest ioned the lack of sanpl ing of boron for several  weeks last sunmer and the impl i-
cat ions to maintenance of the reactor in a safe condit ion. The reactor is being kept in a
subcri t ical  state by the boron that has been added to the reactor cool ing system (RCS) water;
di lut ion of the boron could obviously lead to recr i t ical i ty and must be avoided. To ensure that
the boron concentrat ion is adequate at al l  t imes, steps have been taken to l imit  sources of water
to the RCS and minimize the need to make any increases and reductions in the amount of water in
the RCS. Also, regular analysis of boron concentrat ion is being performed, the frequency of which
is largely dependent on the frequency of and extent to which changes in RCS water inventory are
occurr ing.

Prior to the inspect ion of the RCS and defur: l ing, there is no need to move large volumes of water
in and out of the RCS. Analysis of boron concentrat ion is then necessary 

' less 
frequent ly and has

been scheduled to be done on a weekly basis.  During the summer of 1980, for a tuo-week period,
analyses were not done by the laboratory usually doing them. However, since no large anounts of
water were to be introduced into the RCS during this period, rapid di ' lut ion of boron due to acci-
dental  introduct ion of underborated water into the RCS was not possible. I t  should be noted that
a neutron monitor was and is avai lab' le that can detect any increases in neutron " levels" in the
core that would have occurred i f  boron was treing slowly di luted and the reactor had begun to re-
spond to the reduced neutron absorption. Tire staff considers that the boron analyses were ade-
quate and that at no time was the health and safety of the public compromised. During reactor
inspect ion and defuel ing boron analyses wi l l  be done more frequent ly,  and an addit ional neutron
moni to r  w i l l  be  pu t  in to  use .
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‐                       : 1          ‐  ‐        t1 3 . 4 : 5  R e c r t t i c a l l t y仲1, 9 9 , 1 0 0 , 1 1 5 , 1 2 5 )

A full deSCrlpt付on of the cr tヽttcal月ty control status of the core ts slven Sn Section 4.4.2.1.
Hhlle thL intrOductton of under borated water into the core could lead to recrヽt,callty, such an
event ts veⅢ u,1米ely andギs guarded agatnst by both engineer:ng desgヽn and administrat,ve
controls.

To ensure subcrttttcaltty, the boron concentration in the RCS water must be maintalned at more than

3000 p「 n.  This mtnlmum l村 mtt was establ肯 shed on the basls of calculations that assumed gross
redtstrtbut打 on of the reactor core, sc that even in the unlikely event that the core melted into

such a geometry, the 3000 p「 n minimum llmlt woは ld be sufficttent to maintatn subcrlticality.  Boron

concentrat→ on ttn the RCS water is being maintained at more than 3500 ppm by the llcensee.  This

llmlt was establSshed on the basls of calculatギ ons that assumed the most reactive configuration of

the reactor core,  Much httgher concentratす ons of boron in the water woult have to occur before

preclpttatton would present a posslble probleln of constricting waier flow through the cores such
httgh co■centrations are tmprobablt,

Pricr to the begttnntng of reactor cと oling system (RCS)村 nSpectギon and defueling, there wギ 1l be
very l村ttie need for large quantities of water to be removed f■ om and added to the RCS.  Rapid
boron dllutton of the rics llquld is thus all but imposslble at this stage and boron sampllng and

analysls Ss necessary onSy on a weekly basls.

When defueling ts tn progress, it w付 1l be necessary to carry out some decontaminatう on of RCS water
on a regular bastts because man→ pulatton of the damaged fuel can be expected to cause release of
more flsston products from the damaged fuel pins lnto the RCS water.  RCS water would then have to

be processed and larger quantitSes of water would need to be removed f十 om and added to the RCS.
In order to ensure that under borated water is not added to the systeln, many procedural controls

have been and muld be ttnstituted.  These controls are descrlbed in Section 4.4.2.l and they in―

clude requirelnents that madOr sources of water to the RCS be maintained at s」 fftctently htgい  boron
concentratう ons.  For example, add肯 tton of water can be requttred to be performed in batches rather

than conttnuously, and analysts of boron concentration can be made more frequently, perhaps as

often as several tSmes a day.

1 3 . 4 . 6  D r y  C o r e ( 5 5 )

The statgnent on page 2-8 to the effect that criticality could result from a dry core was ttncor‐

rect.  A dry core would not become critical, although it could become physica1ly unstable.  This

has been clarヽ fted in the PEIS.

1 3 . 4 . 7  F l s s t o n  P r o d u c t s  f r o m  R e c r i t i c a l t t y ( 5 5 )

There was a dttscrepancy between the summary and Chapter 4 regarding the quantity of fisslon prod‐

ucts that could be released due to recriticality.  The text hae been clarified to indicate that a

recrSticallty could release fission products into the reactor building but that such a release

would be srnall and not likely to escape frol■  the reactor buSlding.

13.4.8 旦豊actOr sutlding Sump Water Level(32, 99, 130)

Between 650,000 and 700,000 gallons of wateir are currently in the reactor building Sumpo  Water

level in the buSld村ng increases on the order of a fraction of an inch per day.  The water ievel in
the sump currently presents no safety hazard.  However, should transfer become necessary, the

contingency plan calls for pumping to storage tanks which have suffictent capacity tO accommodate

this water.
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13.5 DEC0llTAl,ltl{ATI0t{ 0F BUILDIT{GS AflD EQUIPIT|ENT

13.5.1 PEIS Unnecessari ly Restr ict ive (50,75)

The staff agrees that the draft PEIS seemed too restrictive with respect to certain operations or
sequences in which the decontanination operations might be performed and with respect to the use
of robots for radiation mttasurements. The PEIS is not intended to provide detailed cleanup plans
or to recormnd or preclude specific npthods or procedures. The responsibility for developing
31! jmetementing specif ic c leanup plans rests with the l icensee. I t  is the responsibi l i ty of  the
llRC to review the licenseers plrTrls and rnnitor the implementation of those which are apprivea.
The analyses in the PEIS could, of course, Iead to the rejection of some procedures.

The licensee's detailed plans rrrrst be prepared and then implemented in a step-by-step manner.
The first steps have already been taken. They started with initial decontaminalion of the auxil-
iary and fuel handling building and processing of the water from these buildings in order to
remove dissolved and suspended radionuclides. Subsequent steps included constiuction of facili-
ties for packaging and temporary storage of radioactive waste, and preparation for cleanup of the
reactor building and reactor by purging the Kr-85 from the reactor building atmosphere ani su"-
veying the radiat ion levels and damage inside the bui lding. The foregoing-act iv i l ies proceeded,
with appropriate review and monitoring by the NRC, prior to publication oi ttre pets. The next
steps will be to prepare and then implement detailed plans for decontaminating the reactor build-
ing' defueling, cleaning up the primary system, and disposing of the wastes, including the pro-
cessed water. These plans will be prepared by the licensee and then reviewed and monitored by
the NRC, taking into consideration the guidelines provided by the pEIS.

13.5.2 Radioact iv i ty within the Bui ldings (50, 107)

Early est imates of the amount of radioact iv i ty in the reactor bui lding and the auxi l iary bui lding
were based on remote sensors and indirect rBasurements. However, several entries have been made
into the reactor building and the actual measurements show that most of the radiation levels are
less than the or iginal  est imates. Also, a large port ion of the cleanup in the auxi l iary bui lding
is already completed.

13.5.3 Personnel Training (79)

Although the draft  PEIS makes no specif ic mention of t raining, the decontaminat ion effort  wi l l
require extensive training of al l  types of personnel involveJ- in the cleanup operat ions. Mainte-
nance personnel, equipment operators, engineers, reactor operators, and health physics will be
included. Formal lecture and discussion programs leal ing with the radiat ion hazaids and pract i -
cal approaches to keep exposures as low as reasJnab'ly achievable (ALARA) have already been
instituted by the licensee. These programs are designed to prepare cleanup personnei for the
situations they will encounter. Demonstrations, trial dry runs, and .work on mock-ups of reactor
systems will also be needed in order to maximize the efficiency of the workers and minimize the
t ime spent in the radiat ion f ie lds. P' lanrning sessions wi l ' l  be ut i l ized to develop the best way
to perform each task and to employ experience gained in previous tasks to best advantage

In addit ion, certain decontaminat ion task:;  wi l l  require special ists with proven experience to
perform them. 0utside organizations can and have been contracted by the iicensee ior some of'these special ized Jobs.

13.5.4 Condit ion of lquipment in the AFHI, ( f00)

The condit ion of the equip'ment in the Aux' i l iary and Fuel Handl ' ing Bui lding has been quest ioned,
particularly whether this equipment will meet safety requirements during [he cleanup

The Auxi l iary and Fue1 Handl ing Bui ldings and their  equipment were designed to meet al l  appl ica-
ble safety regulations. .Ih"V were also dttsigned to prevent radioactive material released to the
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environment from exceeding the limits established by app'licable regulations. The equipment dam-

age is primarily due to fiooding and atmospheric conditions which caused widespread contamina-

tion. After thl buildings and equipment have been decontaminated, and repaired, they shou'ld be

as safe as before the aciident. The t{RC wil inspect them in order to make sure that this is

actually the case.

13.5.5 Concrete Surface Removal (71)

ilost of the radioactive contamination deposited on building surfaces can be removed by rinsing'

washing with a high-pressure water-jet, or scrubbing with detergent. Hov{ever, in some cases the

radioaitive contamination has diffused into the surface and a surface layer of concrete must be

remved in order to get rid of it.

A prior situation involving an accident at a reactor in which concrete removal was necessary for
decontanination occurred at Chalk River in Canada.l'2 The Chalk River experience involved re-

moval of concrete "down to the aggregate." Then concrete was added to a depth of about 6 inches
greater than the original wall to act as additional shield'ing.

At Ttill-z, most of the concrete surfaces were coated with materials to limit the absorption of

liquid-containing contaminants. However, concrete removal may be required in two areas. Below

the 305-ft level in the reactor builrling, the walls were coated only up to about 5-112 feet above

the floor. The sunp water has been in contact with about 2-Ll2 feet of noncoated, but very
dense, concrete. As a result, surface removal is anticipated down to a depth of about 0.5 inch.'

This estimate is based on the experience in the AFHB, where sump water was in contact with non-
coated concrete for about a year. The maximun surface removal required was 3/16 inch.

The second area that may require sorn concrete removal is the elevator shaft in the reactor

building. The concrete blocks of the elevator shaft were not coated and some surface remova'l is

anticipited. The blocks wil' l be cored prior to decontamination to determine how far the contami-
nation mry have penetrated.

13.5.6

The list of sump-water renoval alternatives has been expanded in the final PEIS (see

Sec. 5.2.2.1).  The removal procedures involve a number of tasks that must be coordinated with
other cleanup act iv i t ies. There are many al ternat ives for each task and coordinat ion possibi l -

ity. The total number of overall a'lternatives is very large, making it impossible to carry

through a detai led analysis and select ion of an opt imum plan pr ior to the start  of  c leanup. This

would be true even i f  the occupat ional dose could be accurately predicted for each task.

ilany uncertainties (including radiation sources remaining in the basement after the sump water
has'been pumped out or the amount of water that will be needed for decontaminating the reactor
bui lding) cannot be resolved unt i l  c leanup operat ions have progressed to where detai led'  accurate
data becore available. At the present tirne, we can only make approximate bound'ing estimates of
occupational exposures and environmental impacts. These are based on reasonab'le assumptions for
a samplrng of al ternat ives. An overal l  approach can be sketched out;  but detai led plans and
decisions regarding individual task al ternat ives must be made on a task-by-task basis.

@ e ; ' , C a n a d i a n D e c o n t a r n i n a t i o n E x p e r i e n c e : ' ' C h a 1 k R i v e r N u c l e a r L a b .
zJ. t { .  Logie; "Three Vessel Replacements at Cha' lk Rjver;"  Atomic Energy of Canada Limited; t r9on-

taninat lo4 r4! Decf imissioning of Nuclear Faci l i t ies, Mari lyn M.0sterhout,  ed.;  1980.
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1 3 . 5 . 7                   ・     1

DecontamSnation and cleanup systeres in operating nuclear power plants are designed and llcensed
for safe olerattton of the fac1lity and reduction of radloactivity releases during normal opera―

tion and anticipated transients.  These systems are not intended for the large‐scale cleanじp

operation netessary following a masor acCident.  Installation of largeoscale cleanup systems,
1lke those consldered for the post accident cleanup at TMI‐2, will not improve the safety of

normal operation nor w 1ヽl they significantly reduce normal releases from operating reactors.

13`o.8 Effects of Prior SFll(32)

The spll1 88priOr to the accidentt・ mentttoned on psge 5o25 of the draft PEIS consisted of minor

allDunts of resSn frcm flush bags used during the servicing of the condensate pollshttng unit and

flushlng of the demineralized water systemo  Reportedly, less than 5 gallons of resin were in‐

volved.  The incident is recorded in the TIMI― operatlon records.  FluShing the small amcunt of

sp 1ヽled resin into the sump Ss an effective ・
・housekeeping・・ measure and is representative of the

typil°fm:‖pt:Vel ‖
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ith the

cleanup Ss negligible.  The changed description cf the Sp肯 1l in the final PEIS will better

reflect its true importance.
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13.6 REACTOR OEFUELII{G AI{D PRIHARY SYSTE!,! ELEAIiUP . . :

13 .6 .1  Uncer ta in t ies  in  P lan t  Cond i i ions

13.6.1.1 Best-case/ l{orst-case Analysis (75)

The staff has stated in the draft PEIS (Sec. 7.1) that because of unknown conditions within the
reactor pressure vessel.and because of the difficulty in performi49 an accurate, detailed analy-
sis of vessel condit ions, the condit ion of these components wi l l  not be known unt i l  inspect isns
and exaninations can be performed. For these reasons, the staff has presented an evaluation in
the docurnent of the impacts associated with best-case/worst-case conditions. Actual conditions
should be within those bounding condit ions presented.

The best-case/worst-case approach to TMI-2 cleanup act iv i t ies was appl ied tc provide l imit ing
condit ions. The purpose of the analysis is not to specify cleanup act iv i t ies for the l icensee
but to provide an environmental revis of the several bounding alte:'natives. The weakness of
such an approach is that i t  does not help in predict ing real ist ic budgets.

Several studies have been perforncd concerning the accident which, based on conditions experi-
enced during the acc. ident,  descr ibe possible reactor bui lding condit ions" "Analysis of Three
l, l i le Is land-Unit  2,"  a NSAC report ,  and "Three Mile Is land, a Repcrt  to the Comrnissioners and to
the Publ ic,"  by the Special  Inquiry Group of the U. S. Nuclear Regulatory Cormission, were used
extensively to establish the most-probable and worst-case conditions that were used in the draft
PEIS. The data in these reports indicate that there vrill not be any overwhelmirrg probiems for
health and safety arising frorn the uncertain conditions in the reactor pressure vessel or in the
core.

13.6.1.2 Need for t{et  Technological  Developments (4)

The staff  dols not agree with the assert ion that "safe operat ions wi l l  require new technological
developents that are beyond the present state of the art.'r As stated in the PEIS (Chapter 12
and elsewhere), the staff concluded frorn its analyses of the cleanup that existing methods are
adequate, or can be suitably nodif ied, to perform al l  of  the necessary operat ions with only mini-
mal releases of radioact iv i ty.

13.6.1.3 Effects of Unknown Reactor Condit ions on River l , later (13)

Concerning the effect of unknown reactor core conoitions on effluents that may be released to the
r iver,  i t  must be stressed that release of l iquid eff luents (after di ' l , t t ion) is only one of the
disposal al ternat ives considered in this document.  The accident water in the AFHB and RB and the
exist ing pr imary coolant have been analyzed for ranionucl ide content (Sect.  7.1);  these l iquids
represent the greatest part  of  the radioact iv i ty to be processed. The condit jon of the core wi l l
not affect these values.

The core condit ion wl l l  af fect the RCS decontaminat ion and f lushing l iquids. Here the uncer-
tainty is nr.rch greater,  but under the nrrst-case condit ions the total  radioact iv i ty sources dur-
ing the RCS decontaminat ion and defuel ing wi l l  be a srnal l  f ract ion of the sump inventory. Fur-
ther,  a signi f icant part  of  the act iv i ty released may be in the form of suspended part iculates
that wi l l  be removed in the f i rst  f i l ter stage of any processing al ternat ive and disposed of as
sol id waste.

Tr i t i rm, however,  cannot be so removed. Tr i t iun is formed almost ent i rely in the pr imary coolant
water dur ing reactor operat ion; very l i t t le tr i t ium is formed in the fuel  at  the present t ime.
Thus, the condit ion of the core wi l l  not s igni f icant ly affect.  the tr i t ium content of the water to
be processed or the tr i t ium concentrat ion in the eff luents.

ユ
繁
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13,6.1.4  脱 ow Much Kr-85?  Hhere ls lt? (50, 55, 72)

The total inventoすと
: ●f Rr-85 sust befOre the accヽ dent was 100,000 Cl, as determined essentttally

from reactor burnup ttnformation.  Its locatlon was all in the uranium oxide pellets inside the

ztrconlum claddttng of the fuel rods.  After the accident, about 45,000 Ctt was trapped in the re―

actor ,u lヽding and subsequently was vented to the atnlosPhere.  The remaining 55,000 Ci can be
divided into (a)a pOrtion stlll in the fuel, (b〕a S01ute in the primary cooling water9 and (c)
releases to the atmosphere during the accident.  The solub111ty of krypton in water, especi ally

when the water tts at high temperature, ls small enough sc that even 700,000 93110nS would not

h01d a signttficant inventory.  The nuclide Cs-137 1s known to have aboじ t 60落 of its inventory

outside the fuel elements.  This su9gests that some 40,000 Ctt of Kr-85 remains in the fuel, but

it might be less.

13,6。1.5  1.5 Curte of Kr-35 per Fuel Element? (55)

i[景 !:と|°を18iei[ |モ「:ieS:r:hibil:1238 :iとidiinini:raを♀とネeR!;!0°TFlgll:1:景'e::。|・inCi百:呈3F旨:3' n°
t

PEIS, Page 8-13, and has been corrected.       _r

13.6.196 Leach of Radionucl dヽes from Spent Fuel Rods(73)

It has been suggested that all radlonuclldes in the spent fuel may leach out through the de―

stroyed cladding into the primary coolant water.  Radiochemical analysis of the primary coolant

water has been conducted weekly sSnce shortly after the accldent and no further radionuclldes

have been found in the primary systeln water.  The staff cannot be absolutely sure that signlfi―

cant leaching wヽ 1l not occurs therefore, the alternatives in the final PEIS include cases ttherc

there ls l村 ttlc or no leaching, and cases where significant leaching occurs.

13.6.2  Reactor Vessel

13.6.2.1 Reactor Vessel Inspect ion (75)

Reactor inspection consists mainly of examination of the reactor core and internals to assess the
damage and plan for cleanup. Recent entries into the reactor building were conducted mainly for
radiation surveys and assessments of contanination. No significant reactor inspection work has
yet been perforned.

L3.6.2.2 Reactor Vessel Integrity (50, 100)

The exact structural integrity of the reactor vessel is unknoym at this time. l ' le do know posi-
tively, however, that the reactor vessel integrity is completely satisfactory for current and
contemplated future cleanup operations. The facts are: after the core severely dried out during
the accident, pressure in the pressure vessel was repeated'ly cyeled from approximately 1200 to
1100 psi .  During these pressure transients, there was no indicat ion of loss of integri ty.  The
reactor pressure vessel is now operating at less than 100 psi and will continue to be maintained
at this pressure or lower until after removal of the fue'|. Because the reactor vessel is essen-
t ial ' ly new (very l i t t le neutron exposure),  nrulduct i l i ty problems do not now exist  nor wi l l  they
in the foreseea.ble future.

The condit ion of the reactor vessel is pert inent to cleanup act iv i t ies only to the point that the
core maintains i ts integri ty to hold coolant water.  No cleanup act iv i t ies are envisioned thaL
would require that the core be subjected to rconditions beyond those experienced so far. Struc-
tural  condit ions would require evaluat ion pr ior to recormission' ing, but this is not within the
scope of the PEIS.

13 .6 .2 .3  Rad ia t ion  Leve ls  dur ing  Defue l ing  (50)

The l icensee stated that the staff  was unreal ist ic in saying the residual react iv i ty of the reac-
tor building (after decontamination of the reactor sump water and hot spot shielding) would make
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no contribution tc the radiation levels around the defuellng area.  Based uPon radiation levels

rneasured dur→ng the entry on duly 23, 1980, the text has been modified, in Appendix l of the

PEIS, to reflect a value of 5 mR/hr, Hhich is the criteria of the inittal building decontamina―

tion prlor to defuel月 ng and is felt to be readヽ ly achtevable.                                     !

13.6.2.4 unsuStable Vessel Diagran(50)

Figure 8.1.l is not precisely applicable to TMI-2.  However, it is a typical representation of

current generation LHR(S〕.  The capt:on has been changed.

13.6.2.5  Contamination of Reactor Vessel Surfaces (32)

A staternent ttn Section 5,1.4.l that the distribution of dギ fferent nuclldes ln the surface con―

tanination would be similar to the d→ stributtton in the reactor buヽ lding sump water was critio

cized.  Although the surface contaminatlon came from the water now in the sump, we agree that

different rates of precipitation and settl肯 ng for different elements would change the relative

concentrations of different elements, and therefore nuclldes.  What is important is that measure―

ment must be made during Cleanup to guide the detatled choices required during that step― by―step

procedure.

1 3 . 6 . 3  H o r k t t n g  T i m e  a n d  P r o d u c t i v i t y  E s t l m a t e s

13.6.3.l  Criteria for Estimation of WorkSng Tlme (50)

The llcensee s」 ggests that the best― case working titTBe estiinate described in Section 8.1.3 was

conservative when compared to い normalH conditions, and that scme operations could be carried out

with less working time than estirnated by the staff.

Several stud付 es have been perforined concerning the accident which, based on conditions experi―

enced during the accident, discuss possible reactor bu1lding conditlons.  ・ BAnalysis of Three Mile

lsland‐ Unit 2 Accident,1・  a NSAC report and gEThrec Mヽ le lsland, A Report to the Commissioners and

to the Publヽ c,1l by the Special lnquiry Group of the U. S. Nuclear Regulatorャ  Commission, were ex―
tensttvely used to establish the best―  and worst― case cond打 tlons which have been applied in the

PEIS.  Because of the data in those reports, the staff's judgement was that even in the best―

case, Wnorma188 cOnditions as known in the past will nct exist in the activities involved in the

reactor defueling.

13.6.3.2  Time Estimate for Core Removal (50)

It was suggested that the staff8s eStlmate of 10 months for head and Plenum removal and defueling
is too conservative, even for wbrst― case conditions.  The NRC staff bel月 eves that worst― case con‐
ditlons are rather probable, so that the hope that thヽ s part of the cleanuP can indeed be done in

less than 12 months is unrealistic.

13.6.3.3 Worker Productivity(50,75)

The ‖productivity factor・
・ 肯s used to take into account the decrease in effSciency of personnel

working in contaminated areas.This factとor teXpresset in percent)gives the reductlon in the
amount of work accomplished per unit tim3 due to encumbrances from protective clothing, face

masks, respirators, etc.  Factors in the range of 40 to 67材  were used for different tasks and

situations.  These factors apply only to the time spent working in contaminated areass they do

not include time spent in putting on and removing protective clothing, plaFlning, training, re―

ceiving instructions, etc.  The fraction of time that decontaminatlon personnel spend working in

contaminated areas ranges from 30 to 60斉 ; the staff assumed 50斉  as an average figure for decon―

tamlnation work.  The remaining time would be spent in the preparatory activities ■ oted above,
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and nn5l be regarded as part of the overhead. (The remainder of the overhead would be for support
workers with assignrrcnts that do not require entry into contaminated areas.) The numbers used
for productivity factors and "preparatory overhead" are based on experience in the industry for
similar decontanination and cleanup activities. They represent the best estimates that can be
provided at the present tim of worker efficiency in environments and under conditions that, for
many tasks, have yet to be determined.

13.6.3.4 l{orkers Volunteer for Cleanup Tasks (46)

l{orkers for the cleanup are volunteers in that they are informed of the natue of the cleanup
tasks and have chosen to undertake the assignrnents. These cleanup mrkers are provided with ap-
propriate training including information orr the potential health effects of radiation exposure.
They are not being paid extra for particular cleanup funciions; i.e., workers are paid on the
sarc scale for the sam work functions at Tl,lI, whether the work is re]ated to cleanup or not.

13.6.3.5 Extrapolation of Data from l{ork Already Done (32)

As indicated in Section 5, information from the work effort already expended in decontaminating
the AFHB has been utilized in making estimates for the cleanup nork yet to be done on building
and equipnnnt surfaces and processing contaninated water. This experience has been applied in
the staff's estimates regarding decontanination work in the reactor building, and indicates that
both tim and person-rem can be saved through the use of careful planning. Unfortunately, the
renoval of the reactor vessel head and subseguent activities including removal of the fuel and
debris involve di f ferent operat ions thal i  s imple bui lding decontarninat ion. Even so, i t  is obvious
that some experience from the building decontanination efforts will be beneficial to the defuel-
ing operations.

13.6.4 Need for Special  Tools (20, 125)

In Section 8.2.2.2 of the draft PEIS, the staff mentioned the clamshell as an idea for fuel re-
rpval under mrst-case condit ions. Al though this approach is not very probable, i t  is a possible
alternative. Regardless of the defueling means employed, the possibility of releasing krypton
gas exists.

Sect ion 8.2.3.3 provides a l ist  of  special  tools and equipment that may be needed. Specif ic tool
requiremnts are not ent i rely ident i f iable at this t ime due to lack of detai led knowledge of core
condit ions. However,  engineering capabi ' l i ty exists to develop whatever tools may not be
ava i lab le .

13.6.5 r 'Corr idor Concept" (100)

The discussion of this concept in Sect ion 2.L.?..2 of the draft  PEIS indicates the need for a con-
siderable aflor.tnt of spe.ce for laydown areas and the movement of fuel handling machines, etc.
This is the reason *hy the staff does not regard the corridor concept as workable.
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13.7 IIATER PROCESSIilG AIID PROCESSED i{ATER DISPOSAL

13.7.1 tlater Processing

13.7.1.1 Airborne Releases of Radioactive l{aterial frqn l{ater Processing (32, 55, 70, 73, 100,
1 1 6 , 1 2 0 )

In order to estimate airborne releases of radioactive material frorn water processing, a distinc-
tion betueen the behavior of tpitiurn as a fission product as opposed to rpst others present in
the various waters to be processed should be noted. Tritir,m is an isosope of hydrogen and it
combines rith oxygen and hydrogen to form a mlecule (HTr0) with the same chemical properties as
water. l{hen water is evaporated, all water molecules, including those with tritirn (HT0), exist
in a vapor state and rould pass through a filter system uncollected. Other fission products (and
actinides, such as plutoniun or uranium) exist in the process water as dissolved constituents,
llhen the water is evaporated, the dissolved constituents stay behind in the remaining liquid.
Evaporation is thus an effective method for separating bulk water from a selution containing
dissolved radioact ive const i tuents, but is total ly ineffect ive for separat ing tr i t ium.

The action of evaporation also creates turbulence at the surface which results in the formation
of snall droplets of water that are physically entnained in the rising vapor. The vapor contains
only tr i t ium, no dissolved radioact ive nater ials;  the entrained droplets contain both tr i t ium and
dissolved radioact ive mater ials.  In a wel l -designed evaporator,  the fract ion of the total  mate-
rial that exists in the form of entrained liquid droplets seldom exceeds 1 x 10-s of that in the
original  l iquid. This then forms the basis for est imating how much dissolved radioact iv i ty ap-
pears in the vapor stream. Following condensation, most of the entrained radioactivity agpears
in the condensate with a snall quantity remaining with the uncondensed vapors. About 1 x 10-3 of
the radioactivity in the condensate remains in the uncondensed vapors. Thus, less than 1 x 10-8
of the ini t ia l  radioact ive mater ial  except tr i t ium remains in uncondensed vapor.

0ther processing operations are generally less energetic and less turbulent than evaporation. In
ion exchange operations, process liquids are pumped in closed pipes through an ion exchange col-
umn. The fluids are relatively free of substantial turbulence. However, even in these opera-
t ions, a fract ion of the process l iquids may form smal l  droplets carrying with i t  the dissolved
radioact ive mater ial  and that are physical ly entrained into sumounding air  spaces, and.subse-
quently transported by the process off-gas system to the air cleaning system. As some of the
l iquid drop' lets evaporates en-route, the dissolved radioact iv i ty is lef t  as a sol id aerosol in
the air stream. Entrainrent for this kind of operation seldom exceeds a fraction of 1 x 10-6 of
the process l iquids.

For the purposes of est imating airborne releases for the processing of TMI l iquids, i t  was as-
sumed that a fraction of 1 x 10-a of the processed liquid becomes airborne and enters the process
off-gas streams. This value is conservative when compared with the information presented above
and is corpat ible with data obtained from the processing of nuclear fuels.  The air  c leaning
system for the removal of particulate matter consists of the HEPA filter. Regulatory Guide 1.140
gives guidance to the test ing procedure and requirements for instal led HEPA f i l ters.  The re-
quired efficiency for each stage tested is 99.95I, which corresponds to a penetration fraction of
5 x 10-h; the penetrat ion through two stages of HEPA f i l ters (properly tested and qual i f ied)
would be (S x 10-"12 or 2.5 x 10-7. In this statement,  a penetrat ion fract ion of 1 x 10-3 was
used for calculat ing eff luents and releases for a f i l ter t rain of two HEPA f i l ters in ser ies, a
value that is very conservat ive to achievable values.

The fai lure of a HEPA f i l ter was considered as a credible accident in this statement.  The re-
leases of the faci l i ty are constant ly rnni tored with appropriate instrumentat ion. A fai lure of a
HEPA filter would be evidenced by an increase in releases by the monitoring system and would
alert  operat ing personnel to take correct ive act ion such as securing the vent i lat ion system. The
fai lure would l ikely occur only in one of the HEPA f i l ters in the f i l ter t rain,  thus, containment
integri ty for the system uould be maintained but at a reduced level.  The detect ion of a signi f i -
cant fai lure within 15 minutes of i ts occurrence is considered reasonable. No fai lures of the
HEPA f i l ters occured during EPIC0R-II  processing of contaminated waters.
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13.7.1.2 Processing of Accident l {ater in AFHB (11, 72, 741

Soon after the accident, it was recognized that the containment water in the AFHB would pose an
inminent problem and had to be expeditiously cleaned up. The approval of the EPICOR-II System,
however, received extensive revien by the NRC staff and the public connented on the environmental
assessment issued for the evaluat ion. The l icensee is evaluat ing nethods for sol idi f icat ion of
the EPIC0R-II  resins. The sol idi f ied wastes wi l l  probably be shipped to a DOE waste disposal
faci l i ty.  The DOE is current ly studying sui table si tes for disposal.

13.7.1.3 Processing of Accident l , later f rom Reactor Bui lding (27, 281

The reactor bui lding surp (RBS) water di f fers from the auxi l iary and fuel handl ' ing bui lding
(AFHB) water chiefly in having about double the volume and ten times the total initial radioac-
tivity. Because of the higher radioactivity concentration, the RBS water may be processed by a
system using the Subrnrged Demineralized System (SDS), if approved. The activity level of the
processed RBS water will be of the sanp order of magnitude as that of the processed AFHB water
and the same disposal opt ions wi l l  be considered (as discussed in Sec.7).

13.7.1.4 Processing System 0pt imizat ion (75, 81)

0pt im' izat ' ion of processing systems for TMI l iquids is not within the scope of this PEIS; rather,
the discussion here considers exist'ing state-of-the-art water-processing rnethods and evaluates
the degrees of decontamination that are achievable through their use either alone or in combina-
t ions. Design opt imizat ion would occur at a 1ater date when specif ic decontaminat ion processes
are chosen for appl icat ion at Tl4I.  This statement does, however,  ut i l ize revised decontaminat ion
factors for SDS and evaporators that are ,based on more recent laboratory or operational
experience.

13.7.1.5 Chemical Interference with Water Processing (21.,  79, 99)

Regarding mater ials which may interfere with water processing, oi l  and grease wi l l  be removed as
far as possible pr ior to process' ing, and residual amounts wi l l  be trapped in pref i l ters.  In
considering processing al ternat ives, solut ions containing detergents or che' lat ing agents, and
particularly those containing fi)re agressive chemical reagents, are regarded as separate pro-
cessing streams, distinct from the major water sources (accjdent water, primary coolant, RCS
decontaminat ion and f lushing l iquids).  The decontaminat ion of these streams is discussed in
detai l  in Appendix G.

13.7.1.6 State-of- the-Art  Decontaminat ion and Volume Reduct ion Factors (50)

Although state-of-the-art radwaste process'ing equipment can provide 'improved decontamination
factors (DF) and volume reduct ion factors, those discussed in Sect ion 7.1 and Appendix G were
se' lected based on operat ing experience at nuclear faci l i t ies. These factors also provide a mea-
sure of conservatism to account for abnormal operating conditions. The selection of these param-
eters provide real ist ic bounding est imates for processing l iquid wastes.

L3.7.L.7 Use of 
'0ther 

Ion Exchange Mater ials (26)

The ion-exchange systems se'lected for discussion in this statement have been proven, through
laboratory and f ield appl icat ions, to be appl icable for the specif ic radiochemical condit ions and
volumes of l iquid to be processed. Should other proven systems become avai lable that provide
s' igni f icant operat ional,  inpact,  and/or cot; t  improvements over exist ing systems, they wi l l  be
considered if they are proposed by the licelnsee.

13 .7 .1 .8  Process ing  o f  Decontaminat ion  L iqu ids  (50)

Ion exchange techniques, among other opt ions, are being considered for processing of decontamina-
t ion l iquids. In general ,  however,  decont iminat ion l iquids have detergents and other cleaning
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chemicals that are not compatible with ion-exchange. systems. These processing alternatives are
discussed in Sect ion 7.1 of the PEIS. Corresponding f lor diagrams are provided in Appendix G.

13.7.1.9 Consistency of Inventory of Processed l{ater (79, 85)

The volunes and concentrations of radionuclides in the processed water are dependent on the vol-
ume and concentration of the input streams and the water processing system. These parameters
establish the bounds for the processed water inventory for the best and worst cases. They are
discussed in Sect ion 7.1.

13.7.1..10 EPICOR-II  System Uses (50, 55, 115)

Variations of the EPIC0R-II and the Submerged Demineral'izer System (SDS) have been cons'idered for
both Reactor Bui lding (RB) sump and pr imary system l iquid processing, e"9.,  the EPIC0R-II  System
is considered for pol ishing RB sump l iquids in Sect ion 7"1.

13.7.1.11 EPIC0R-I System Uses (55)

As for whether the EPICOR-I system would require an environmental assessment if used for Reactor
Coolant System (RCS) water cleanup, it should be noted that the EPICOR-I system is used for low-
level contaminated water ((1 uCi/mL) and is unsuitable for processing primary system (RCS) water.
There are no plans to use EPIC0R-I for TMI-2 decontamination and the system was not evaluated in
the PEIS.

L3.7.L.L2 Proprietary Information on EPIC0R-II  System (84)

A "Conf ident ial  Disclosure Agreement" exists between the NRC and EPICOR, Inc. regarding the
disclosures of proprietary information to enable the NRC staff to review the safety of the
EPIC0R-II System.

13.7 .1 .13  Process ing  o f  D isso lved Gases in  L iqu ids  (55)

Process equipment is des' igned with vent l ines which are directed to the plant vent i lat ion sys-
tems. These ventilation systems are monitored prior to discharge to assure releases meet release
l imits.  In the evaluat ion of l iquid processing al ternat ives, considerat ions were given to the
eff luents of dissolved gases. However,  i t  is expected that the quant i t ies of disso' lved gases
which could be released during l iquid processing would not be signi f icant.

13.7.1.14 Reactor Bui lding Sump Liquid Processing Systems (50, 81)

Current design considerat ions and decontaminat ion factor (DF) for the zeol i te/resin systems to be
used for processing Reactor Bui lding Sump l iquids are discussed in Sect ion 7.1..  Possible
modifications to process paraneters needed to achieve the design DF's are also taken into
account.

13.7.1.15 Reactor Coolant System L' iquid l . laste Est imates (32)

The value of 200,000 gal lons maximum ol ' l iquid waste generated in decontaminat ion of the reactor
coolant system was in fact obtained from experience at the Dresden decontamination operations.

13.7.1.16 EPIC0R-II  and Boron Removal (50)

The interaction between the boron content of primary water and the action on ion-exchange system,
EPIC0R-II ,  has been taken into considerat ion. I t  has been assumed that using EPIC0R-II  to remove
radioactive ions from the water would also remove the boron needed to keep the core subcritical.
In fact,  IPIC0R-II  can, and has, been used in such a way that leaves the boron in solut ion, and
this considerat ion is factored into thtr  discussion of this statement.
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13.7.1.17 Usage of RCS Makeup Puri f icat ion System (50)

The RCS maker;-r and purification system could be used if required. However, other factors have to
be evaluated as cleanup progresses, for example the cottdition of the system integrity such that
it would not become a source of reactor coolant leakage. The staff does expect that this system
will be cleaned up and that the basic piping, valves, pumps, and other components can be used to
handle the RCS water before its usage can be considered.

t3.7.2 Reuse and Disposal of Processed I'later

L 3 . 7 . 2 , L  D i s p o s a l  A l t e r n a t ' i v e s  f o r  P r o c e s s e d  W a t e r  ( I 3 , 2 7 , 2 8 ,  3 1 ,  5 5 ,  6 6 ,  6 7 , 7 2 , 7 5 , 7 6 , 7 9 ,
94 , 85 , 91 , 1oo , 112 , 125 , 130 )

The al ternat ives for disposal of  processed s,ater is discussed in detai l  in Sect ion 7.2.
Sect ion 7.2 provides detai led assessments on the al ternat ive for the disposal of  the processed
water,  including faci l i t ies, ef f luents and environmental  impacts under normal operat ion and under
accident condit ions. l {hi le the actual method of disposal has not been selected, the proposed
method of processed water disposal to be submitted by the l icensee wi l l  be evaluated based on the
alternat ives discussed.

L3.7.2.2 Radioact iv i ty Levels in l iater for Processed water Release Alternat ive (12)

At present, the NRC has not authorized the release of processed accident'2 contaminated water
from TMI. The PEIS does contain an environmental  assessment of the al ternat ive for the con-
trol led release of processed accident-2 contaminated water into the Susquehanna River.  I f  the
NRC decides to authorize the release, the NRC wi l l  act to ensure that the l icensee wi l l  imple-
ment,  according to the condit ions ( technical  specif icat ions) and cr i ter ia determined by the NRC,
to ensure the health and safety of the publ ic including people who may dr ink the water and con-
sume the seafood. I t  should be noted that the PEIS concludes that the concentrat ion of radioac-
t iv i ty in the water at the nearest dr inking water intake downstream of TMI wi l l  be below the EPA
drinking water standards (which must be met by the operators of the dr inking water distr ibut ion
systems) and safe for dr inking during any control led release of the processed water from TMI.
The PEIS also concludes that the absorbed radiat ion dose in f ish and seafood in the r iver and
Cheasapeake Bay area would be an insignif icant fract ion of the normal ly occurr ing natural  back-
ground radiat ion dose and should cause no detectable biologica' l  ef fect.  Consequent ly,  consump-
t ion of f ish and seafood should cause no harmful health effect because of radioact iv i ty
contaminat ion.

L3.7.2.3 I ' later Discharged and EPA and State Requirements (20, 67, 114)

The present Clean l iater Act does not prohibi t  c l ischarge of low Ievel radioact ive waste into navi-
gable r ivers. The prohibi t ion refers to the discharge of radiological  warfare agents or high-
level radioact ive waste.I  Low level waste discharge l imits are ei ther prornulgated by an individ-
ual state (agreement states) or are governed by NRC regulat ' ions (nonagreement states).  Eff luent
l imits from cormercial  reactors, however,  are under the jur isdict ion of the NRC.

The staff  wi l l  evaluate the impacts of any discharge, i f  authorized, at the leve' l  permit ted by
EPA or the state, as appropriate. Actual compl iance with the Clean t later Act and i ts implemen-
t ing regulat ions is subject to the jur isdict ion of EPA and/or an authorized permit t ing state.

L3.7.2.4 Long-term 0n-si te Storage l{ould Require Specia' l  L icense (52)

Unless the sol idi f ied processed water was determjned to be a "nonradioact ive" waste, l icensing of
TMI as a disposal s i te would be required for ' lcrng-term storage of wastes. A disposal l icense is
not required for waste storage.
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Lg.7 .2 .5  So l id i f i ca t ion  and Storage o f  Processed t ' la te r  (50 ,  55 ,  72 ,76 ,84 ,  114)

It is not intended that the TMI site to become a de facto 
'long-term 

depository for radioactive
waste. Intent ional temporary storage of processed water and some sol id wastes is inevi table'
pr ior to approval sf  methods and si tes for their  disposal.

Solidification of the processed water would not reduce the volume of the water or the mass and
volume of the resultanl  bulk.  Pr ior processing of water to reduce the radioact iv i ty level would

st i l l  leave tr i t ium content undiminished. Although concrete made with decontaminated water would
present an insignif icant radiat ion hazard, there is current ly no def ini t ion of a lower ' l ' imit  for
the radioact ive concentrat ion of waste regarded as radioact ive and subject to regulat ion. Tech-
nical ly,  therefore, storage of th ' is concrete would make the is land a low-level waste disposal
s i t e .

V i t r i f i ca t ion ,  wh ich  is  essent ia l l y  the  encapsu la t ion  jn  a  g lass  med ' ia ,  i s  no t  feas ib le  fo r  the
water per se. However,  v i t r i f icat ion of the resins and ziol i tes is a possible al ternat ive d' is-

c u s s e d  i n  t h e  S e c t i o n s  8 . L . 2 . 2  a n d  8 . 1 . 2 . 3 .

L3 .7 .2 .6  D i rec t  So l id i f i ca t ion  o f  Water  in  Reactor  Bu i ld ing  Water  (50 ,  52 ,72)

Alternat ives considered for c leanup of reactor bui lding and pr imary system accident water are

d iscus ied  in  Sec t ion  7 .1 .  One o f  the  a l te rna t ives  cons idered is  d j rec t  i rnmob i ' l j za t jon  o f  unpro-

cessed accident water.  This scenario is summarized in Sect ion 7.1. For a number of reasons,
including implementat ion t ime and occupat ional exposures direct sol idi f icat ion of unprocessed
accident wat.er is considered impract ical .

L3.7.2.7 Methods for Concentrat ' ing Tr i t i rm (72)

There is no large-scale tr j t ium-concentrat ion technique for the amount present in the more than

one mi l l ion  ga l lons  o f  was tewater  a t  TMI -2 .

L3.7.2.8 Reuse of Processed Accident l ' later (102, 126)

processed water  ava i lab i l i t y ,  reuse app l ica t ions ,  and l im i ta t ions  are  ident j f ied  and d iscussed jn

Appendix F.

L3 .7 .2 .9  D i lu t ion  o f  Processed Water  Dur ing  D isposa l  (58)

The feas ib i l i t y  o f  us ing  1ow t r i t ium concent ra t ion  water  to  d i lu te  the  processed water  such tha t
the tr i t ium concentrat ion of the di luted process water would be below that of  the r iver water is

no t  l i ke ly  s ince  the  t r i t ium leve ls  in  the  r i ver  ups t ream o f  the  p ' lan t  a re  s ign i f i can t ' l y  d i f fe r -

ent than those of other nearby water sources. For example, the concentrat jon upstream in the

r iver  i s  1 .8  x  10-7  uCi /ml  and even i f  the  low t r i t ium source  had 90% less  t r i t ium (1 .8  x
1g-s pCi/mL), i t  would take about 13 x 10r,  acre-feet of  water to di lute 1000 Ci of t r i t ium to

r  i  ver  concent ra t ion .

lSectlon 301 Subparagraph F, CIThe Clean Water Act showing changes made by the 1977 Amendments,lt

Serial No. 95-12, Uo S, Government Printing Offices Washington, 1977.
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13.8  SOLID HASTE MANAGEMENT

13.8.l  NRC Regulations and Criteria

13.8.1.l  Defヽ nitions of Lowoと evel and High― Level Wastes (64, 70)

H19h,level radioactive wastes have been defined in 10 CFR 60 as ・ ・those aqueous, wastes resulting
from the operation of the first cycle solvent extraction system, or equivalent, and the concen―

tratQd wastes from subsequent extract,on cycles, or equivalent, in a facSlity for reprocessing

trradiated reactor fuels.・ ・  Irradiated nuclear fuel is also considered to be high-level waste.

Lowolevel wastes are consギ dered to be all other wastes nct defined as higholevel wastes.  Based on

these definltう ons, EPICOR‐ II wastes are considered to be lowolevel waste even though they wi11

requlre shielding for handling and sh村 plent.

Within the category of lowolevel wastes, various disposal approaches may be warranted; e.go some

of the highospec→ fic‐activity wastes resulting from TMI cleanup will not be acceptable for routine
shallow land burial.  For those wastes which are unacceptable for routine shallow iand burial, a

case―byocase evaluation wi1l be performed to determine which offsite treatment and/or disposal

methods will be required.

13.8.1.2 Waste Managttent Regulations(32)

Regulations regardう ng the disposal of lowolevel radloactive wastes are currently in 10 CFR 20.

However, 10 CFR 20 provides only broad requirements for waste disposal and does not contain spe―

cific requtrements for such wastes as those which may be ocnerated during the TMI cleanup.

The NRC is currently preparing specific regulations for high― level and low-level waste management

in 10 CFR 60 and 10 CFR 61, respectively.  The procedural part of 10 CFR 60, the high‐ level waste

regulation, was published in the Federal Register as a proposed rule on Decelnber 6, 1979.  The

technical part of 10 CFR 60 was published as an Advanced Notico of Proposed Rulemaking in the

Federal Register on May ]3, 1980.  A proposet rule ts scheduled to be published ttn late 1980.  The

high-level waste management regulatlon is scheduled to be published as a final rule in end of

1981.  The lowolevel waste management regulation, 10 CFR 61, is available for publSc cOmment as a

prelimlnary draft.  A notice of availability of 10 CFR 61 was publlshed in the Federal Register on
February 28, 1980.

Disposal of wastes generated at TMI wil] be carried out consistent with these regulations even if

final ruSemaking proceedSngs may nct have been completed.

13.8.1.3  Standards for Waste DispOsai (50, 100)

The final waste forms and contents of the wastes generated to date (including EPICOR‐ II wastes)

are not yet compleと ely established by the licensee.  However, the NRC has stated that wastes which

have the same characteristics as those rout,nely generated from nuclear power plants wOuld be

scceptable for disposal at commercial shallow iand burial sltes.  In addition, for those wastes

which are clearly unique to TMI (eig。 , first stage EPICOR― II wastes), NRC has provided qualitative

disposal criteria.  The NRC staff has indical,ed that high― specific‐ activity EPICOR― I1 lon― exchange

wastes could be disposed of at a commerc,al land burial site at an arid locatlon if these wastes

are solidified, or placed in a high integrity container, and speclal disposal procedures are in‐

cluded to minimize exposure to inadvertent intruders.  However, the most practical alternative is

to transfer these wastes to an ex,sting federal government facility for future processing and

eventual disposal.  In additlon, NRC staff htis also lndicated that any first stage zeolite wastes

from the proposed Submerged Demineralizer Sylstem (SDS)having Cs-137 activities on the order of

1000 Ct/ft3 frOm processing reactor building sump lキ quids are more llke high‐ level wastes than

material that is normally disposed of at commerc131 land burSal sites and the assumpt,on tilat

these wastes can be dlsposed of in d commerctal sha1low iand burial system is not val月 d.
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For unique wastes wtrich have not been encountered in the commercial nuclear industry and are yet
to be ident i f ied, specif ic disposal cr i ter ia cannot be developed since the cr i ter ia would depend
on the character ist ics of radionucl ides present in the wastes, e.9.,  the specif ic act iv i ty,  phys-
ical  and chemical form of the waste product as wel l  as the avai lable disposal opt ions. NRC wi l l
assign a high pr ior i ty to making decisions regarding the management of wastes fol lowing the re-
ceipt of data which provide the chanacteri.stics of the proposed wastes and the proposed disposal
or storage opt ions.

13 .8 .1 .4  Case-by-Case Eva lua t ion  o f  Un ique,  Non-Rout ine ly  Genera ted  l , tas tes  (22 ,32 ,50 ,  53 ,  76 ,
100)

Some of the waste forms which wi l l  be generated during the TMI-Z cleanup wi l l  have di f ferent char-
acter ist ics than wastes rout inely generated and disposed of at  commercial  shal low land burial
fac i l i t i es .  These spec ia l  was tes  inc lude f i rs t  s tage EPICOR- I I  res ins  wh ich  have spec ' i f i c  ac t i v -
i t ies of approximately 40 Ci/ f t3.  Because of their  character ist ics,  these mater ials cannot be
disposed of using rout ine methods at low-level disposa' l  faci l i t ies. The most pract icable al terna-
t ive is to transfer these wastes to an exist ing federal  government faci l i ty for future processing
and eventual disposal.  0ther less desirable al ternat ives include processing on-si te and/or
packaging in high- integri ty containers for specia' l  d isposal at  cormercial  LLl{  bur ial  s i tes.
Evaluat ions of waste character ist ics wi l l  be performed by the NRC after the l icensee ident i f ies
that a special  waste form wi l l  be generated but pr ior to generat ion of bhe speciai  form. Organic
ion-exchange mater ia l  w i l l  be  l im i ted  to  10  C i l f t s .  The eva lua t ions  w i l l  inc lude cons idera t ions
of the cormercial  and non-cof inercial  disposal opt ions avai lable for the wastes, t ransportat ion
nodes and on- si te and off-s i te storage provisions. Conf irmatory test ing by NRC consultants wi l l
be performed where necessary to verify licensee-submitted data.

PhySica l ,  chemica l ,  and rad io log ic  cond i t ions  in  wastes  can be  s imu la ted  by  us ing  nonrad ioac t ive
mater ials,  t racer isotopes, gamma irradiators and research reactors. These simulated condit ions
can be used to obtain real ist ic data on the character ist ics of wastes to be generated at TMI.

The performance object ives for waste disposal evaluat ions wi l l  be (1) doses to inadvertent djs-
posa' l  s i te intruderi  wi l l  not exceed 500 mrem/yr and (2) doses from groundwater pathways wi l l  not
exceed 25 nran/yr at  the disposal s i te boundary. For transportat ion, Lhe cr i ter ia are specif ied
in the DOT regulat ions 49 CFR 171 to 179 and the NRC regulat ions 10 CFR 71. For storage of wastes
personnel exposures wi l l  be as low as reasonably achievable (ALARA) and migrat ion pathways into
the environment wi l l  be minimized under both norma' l  and accident condit ions.

13 .8 .1 .5  Cr i te r ia  fo r  Waste  Packag ' ing  (75)

The choice of packaging for the wastes generated at TMI is dependent on the physical  and chemical
charac ter is t i cs ,  the  spec i f i c  rad ioac t iv i t ies  and rad ia t ion  leve ls  o f  the  wastes .  NRC regu la t ions
govern the choice of packag' ing and extent of shielding specif ied during the packaging, handl ' ing,
storage, and transportat ion operat ions. DOT regulat ions govern shipping mode and ioute se' lect ion.
The regulatory constraints and feasible al ternat ives for these waste management operat ions are
described in Sect ions 9.1 and 9.2.

13 .8 .1 .6  Acceptab i l i t y  fo r  D isposa l  o f  TMI  Wastes  (114)

Low-act iv i ty wastes having character ist ics simi lar to those being rout inely disposed of by commer-
c ia l  sha l low ' land bur ia l  a re  be ing  d isposed o f  a t  the  Hanford ,  l , lA ,  commerc ia l  d jsposa l  s i te .
Another commercial  disposal s i te which wou' ld be acceptable for disposing of low-act iv i ty wastes
exists in Beatty,  NV. EPIC0R-II  f i rst-stage wastes are unl ike rout inely-generated wastes due to
h igh  Cs-137 and Sr -90  concent ra t ions ,  bu t ' i f  they  are  so l id i f ied  or  p laced in  a  h igh  in tegr i t y
container,  they could be disposed of at  an ar id si te provided emplacement is such that future
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access to the wastes by inadvertent reclaimers is minimized. However,  the most pract ical  al terna-
t ive is to transfer these wastes to an exist ing federal  government faci l i ty for futur-.q proce:sing
and eventua' l  disposal.  High-act iv i ty wastes such as the f i rst-stage zeol i te l iners in the
l icensee-proposed S0S wi l l  be unacceptable for near surface disposal.  These high-act iv i ty wastes
wi l l  requ i re  on-s i te  o r  o f f -s i te  s to rage un t i l  su i tab lo  d isposa l  fac i l i t i es  (such as  a  h igh- leve l
waste repository) are constructed and l icensed. Spent fuel  wastes wi l l  require disposal in a
high-level waste repository.  A hiqh-level waste repository is scheduled to be avai lable for dis-
posal between 1997 and 2006. The DOE has the legisiat ive jur isdict ion for s i t ing, construct ing,
and operat ing high-level waste repositor ies.

i3.8.2 Volume Reduct ion/Sol idi f icat_!sn q_rocesses

13.8 .2 .1  Inc inera t ion  o f  t . las tes  (50 ,  75 ,  100,  114)

0n-s i te  inc inera t ion  o f  was tes  is  cur ren t ly  on ly  be ing  cons idered fo r  low-ac t iv i t y  (0 .006 C i / f t } )
compact ible trash to reduce f inal  volumes by a factor of at  least 50. The eff luents and releases
to the outside environment for incinerat ion of combust ible compact ible trash are detai led in Sec-
t i o n  8 . 3 .

Tun types of wastes are generated by incinerat ion; oi ie is the result ing ash generated by burning,
and the other is of f-gases released from combust ion. Result inq ash could be packaged in 55 gal lon
drums and sent .  in  sh ie ' lded  sh ipments  to  a  low ' leve l  bur ia l  s j te .  I t  i s  es t imated  tha t  85% o f  tne
non-vo la t i le  rad ionuc l ides  rvou ld  remain  in  th is  ash .  Thus ,  15% o f  the  to ta l  t rash  non-vo la t i le
radionucl ide content would be subject to off-gas treatment.  Treatment consists of a wet scrubber,
fo l lowed by  a  HEPA (h iqh  e f f i c iency  par t i cu la te  f i l te r )  and a  vo la t i le  rad ionuc l ide  absorp t ion
sys tem.  Th is  c leanup t ra in  w i l l  resu l t  in  a  decontaminat ion  fac to r  o f  10e to  107.  Thus ,  in  the
most conservat ive case, the cleanup system wi l l  reduce volat i ' le and non-volat i le off-gas concen-
trat ions by a factor of I  mi l l ion pr ior to their  release to the environment.  Est imated re]eases
during trash incinerat ion for the four major radionucl ides present in combust ible trash are sjven
i n  S e c t i o n  8 . 3 .

0 f f -s i te  inc inera t ion  a t  a  DOE fac i l i t y  i s  a  po ten t ia l  t rea tment  a l te rna t ive  fo r  the  h igh-spec i f i c -
ac t iv i t y  o rgan ic  res ins .  Such a  fac i l i t y  wru ld  be  equ ipped w i th  appropr ia te  e f f luen t  con t ro ls  to
reduce releases to levels that are as low as are reasonably achievable and be1ow release
standards. The al ternat ive treatment opt ions for the hioh-specif ic-act ' iv i ty wastes are djscussed
in  Sec t ion  8 .1 ,  and spec i f i c  DOE jnc inera t ion  fac i l i t i es  a re  ident i f ied  in  Sec t ion  9 .1 .

L3 .8 .2 .2  Evapora t ion /B i tumin iza t ion  Sys tem and L iqu id  Vo lume in  the  Condensate

The va ' lue  o f  1 .44  is  the  inc rease in  l iqu id  vo lume requ i red  to  be  hand led  in  the  overhead conden-
sate system for the Evaporat ion/Bituminizat ion al ternat ive. The value is based on data from BNWL-
TR-196 referenced in Appendix G.

13.8.2.3 Vinyl  Ester Sty 'ene Systan Char;rcter ist ics (50)

I t  was  assumed tha t  the  V iny l  Es ter  S ty rer re  (VES)  so l id i f i ca t ion  process  wou ld  inc lude a
dewater ing  s tep  pr io r  to  so l id i f i ca t ion .  Th is  accounts  fo r  the  inc rease in  vo lume fac tor  o f  on ly
1.5. Dow Chemical Company has tested VES up to 2 x 10e rads accumulated dose without degrading
the VES polymer. I f  VES is proposed for use, demonstrat ion of waste form stabj l i ty under radj i -
t ion  wou ld  be  requ i red  fo r  the  spec i f i c  was tes  to  be  so l id i f ied .
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13.8.2.4 Volume Increase Factor for Cement Sol jdi f icat ion (50)

The -volume increase factor for cement was conservat ively selected to assure that the sol idi f ied
resin product unuld remain a stable so' l id monol i th without crumbinq or spal l inc. I t  is recogn' ized
that a lower volume increase factor cou1d be used provided the licensee demonstrates the proposed
formulat ion wi l l  produce a stable monol i thic waste form.

13.8 .2 .5  So l id i f i ca t ion  and Inmob i l i za t ion  o f  lon-Exchange Med ia  (20 ,  50)

So l id i f i ca t ion  o f  the  ion-exchange med ia  w i l l  immobi l i ze  rad ionuc l ides  to  a  g rea ter  ex ten t  than
wi l ' l  rout ine packaging of dewatered resins. Brookhaven National Laboratory studies indicate that
rad ionuc l ides  w i l l  qu ick ly  leach f rom unso l id i f ied  res in  beads in  g round or  sa l t  water  leaehates .
Sol idi f ied products, however,  unuld be expected to retain radionucl ides better than dewatered
res in .  'ds ,  s ince  the  sur face  area  ava i lab le  fo r  leach ing  has  been grea t ly  reduced.

13.8.2.5 Chemical React ions Between Waste Const i tuents and Inrnobi l izat ion Agents (78)

The agents and process al ternat ives discussed for so' l id i fy ino the waste generated at TMi have been
proven through laboratory evaluat ion and f ield appl icat. ions. Chemical compatibi l i ty under a va-
r ie ty  o f  cond i t ions  has  been ver i f ied .  Add i t iona l  tes t inq  o f  smal l  ba tches  o f  TMI  wastes ,  so l id i -
f ied with the selected immobi l izat ion agents, wi l l  be performed pr ior to actual large scale
process i  ng.

13 .8 .2 .7  0ccupat iona l  Exposures  dur inq  Waste  So l id i f i ca t ion  (50)

0ccupat iona l  exposures ,  as  p rov ided in  Chapter  8 .0 ,  inc lude the  exposure  to  workers  dur ing  so l id i -
f icat ion operat ions conducted on-si te pr ior to shipment.  Where the wastes are shipped off-s i te
for subsequent treatment,  the exposures at the off-s i te treatment faci l i ty are not included.

13 .8 .2 .8  Low-Leve l  Waste  Ac t  (125)

The Low-level Radioact ive l . laste Pol icy Act passed b.y the Citngress in December 1980 and how i t
could affect I t l I  is discussed in Sect ion 9.1.

13.8.3 EPICOR-I I ' lastes

13.8 .3 .1  EPICOR- I  Waste  Storage (52)

EPICOR-I l iners which were stored in the temporary storage faci l i ty were back' logged from the f i rst
several  weeks of the accident.  EPIC0R-I wastes have been subsequent ly removed from storage arrd
sh ipped.  EPICOR- I  res ins  have s ign i f i can t ly  less  ac t iv i t y  than do  the  f i rs t  s tage EPICOR- I I
was tes .

13 .8 .3 .2  EPICOR- I I  t las te  (76 ,  100,  121,  123,  130)

EPIC0R- I I  f i r s t -s tage res ' in  l iners  conta in  approx imate ly  30  f t3  o f  ion-exchange mater ia l  and are
loaded to  a  max imum of  approx imate ly  1300 C i .  These l jners  conta in  bu lk  spec i f i c  ac t i v i t ies  o f
approximately 45 Ci l f t3,  as opposed to 0"1 to 1 Ci l f t3 for resins rout inely generated by operat ional
reac tors .  In  add i t ion ,  the  EPIC0R- I I  f i r s t -s tage ac t iv i t y  i s  essent ia l l y  a l l  Cs-137 and Sr -90 ,
iso topes  tha t  have 30-year  ha l f - l i ves .  Rout ine ly  genera ted  res ins ,  on  the  o ther  hand,  p r imar i l y
conta in  Co-60 w i th  a  5 .3 -year  ha l f -1 i fe .

The Commiss ion  order  o f  October  16 ,1979 au thor iz ing  EPIC0R- I I  opera t ion  s ta tes ,  "The l i censee
sha l l  no t  sh ip  spent  res ins  o f f -s i te  un less  they  have been so l id i f ied ,  and on ly  then w i th  the
prior approval of  the Director of NRR (the Director of the 0ff ice of Nuclear Reactor Regulat ion),
provided however,  that the l icensee may ship non-sol idi f ied but dewatered spent resins off-s i te i f
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it determines, and the Director of NRR concurs, that such shipment is required to assure continued
operat ion of EPICOR-II  or otherwise required to protect publ ic health and safety."  This order is
d i s c u s s e d  i n  S e c t i o n  1 . 6 . 1 . 5 .

The NRC has stated that the f i rst  stage EPIC0R-II  resins would be acceptable for disposal at  an
arid connercial  disposal s i te i f  they are sol idi f ied, or placed in a high integri ty container,  and
if  disposal procedures include provis ' ions to minimize inadvertent future contact with the waste.
However,  the mst pract ical  al ternat ive is to transfer these wastes to an exist ing federal  govern-
ment faci ' l i ty for future processing and eventual disposal.

13 .8 .3 .3  S torage o f  EPIC0R- I I  t ' l as tes  (51 ,74 ,  121)

Depleted resins from the EPIC0R-II  system are being temporari ly stored in a faci l i ty referred to
as the Inter im Radwaste Storage Faci l i ty.  This faci l i ty is a modular structure with each module
consist . ing of approximately 60 storage ce1 ls.  Each cel l  can ho' ld or ie 6 x 6l iner cr t*o 4 x
4 l iners. Radiat ion dose can cause the resins to degrade. However,  in the event that corrosion
caused the l iners to rupture, the contents of the l iner wou' ld be contained in the storage ce] ls
cons' ist ing of galvanized corregated stee' l  cyl inders with wejded stee' l  base plates. The NRC staff ,
along with the Department of Energy, has anticipated the effects of radiation damage to the resins
and is in the process of developing tests to ascertain the condit ion of the resins current ly in
storage. The NRC staff  has not consldered the incjnerat ion of the EPIC0R-II  resins as an al terna-
t ' ive process pr ior to storage because of the h' igh-specif ic act iv i t jes which would result  f rom the
process.

13.8.3.4 Degradat ion of EPICOR-II  Resins and Container Integri ty (20, 53, 59, 75, 76, 74, 84,
93 ,  64 ,  100,  114,  115,  120,  121)

Brookhaven National Laboratory (BNL) has indicated that deqradat ion of the ion-exchange,, ,ater ial
in stored EPIC0R-II  l iners may accelerate l iner corrosion and produce a mater ia ' l  which agglom-
erates, makinq further handl ' ing and processing of the mater ial  di f f icul t . t -3 Due to this concern,
NRC has contracted with BNL to perform addit ional tests to evaluate radiat ion degradat ion effects

To evaluate the current condit ion of the stored EPIC0R-II  resins, the l icensee plans to obtain
l iqu id  and gas  samples  f rom ac tua l  EPIC0R- I I  f i r s t -s tage I iners .  In  add i t ion ,  the  DOE p lans  to
per fo rm deta i led  tes ts  on  EPICOR- I I  f i r s t -s tage l iners  wh ich  w i l l  inc lude examinat ion  o f  res ins
for degradat ion and carbon steel l iner for corrosion. The l icensee and rOE tests are designed to
determine the extent of radiat ion damage on the ion-exchange mater ial  and to compare the actual
resin condit ions to those projected by test ing perfornred by NRC consultants.  The condit ion of the
l iner,  as determined from these tests,  wou' ld establ ish the handl ing, packaging, and disposal con-
s t ra in ts  imposed on  each sh ipment .  In  add i t ion  to  requ i r inq  so l id i f i ca t ion  pr io r  to  d isposa l ,  the
EPIC0R- I I  f i r s t -s tage res ins  w i l l  requ ' i re  spec ia l  hand l ing  and d isposa l  p rocedures .  The res ins
are being stored in special ly designed concrete storage modules that contain monitored sumps, so
that in the event of any radioact iv i ty leakage, m' i t igat ing act ions could be taken.

13 .8 .3 .5  EPIC0R- I I  Waste  Vo lurn  Pro jec t ions  (74)

The cumulat ive number of l iners from EPIC0II- I I  operat ion js projected to be higher than indicated
in the October 1979, Environmental  Assessment for EPIC0R-II  System (NUREG-0591).  This is in part

lR. Barletta et al., ・ ・Status RepOrt on と eat〕hability, Structural lntegrity, and Radiation Stabillty

of Organic lon Exchange Resins Solldified in CeFnent and Cement with Additives,38 8NL― NUREC‐28286,

May 19805
2K. K. S. Pllsy, ・ヽ・Radiaticn Effects on lon・ョExchangers Used in Rad'oactive Waste Management,98 NE/
RttM-80-3, Pennsylvania State University and Brookhavを n NatSonal Laboratory, October 1980;
3K. Swyler et al., ・・Review of Recent Studies of the Radiatlon lnduced Behavior of lon Exchange

Medi a,:l BttL―NUREC-28682, November 1980.
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it determines, and the Director of NRR concurs, that such shipment is required to assure continued
operat ion of EPIC0R-II  or otherwise required to protect publ ic health and safety."  This order is
d i s c u s s e d  i n  S e c t i o n  1 . 6 . 1 . 5 .

The i lRC has stated that the f i rst  stage EPIC0R-II  resins would be acceptable for disposal at  an
arid cornercial  disposal s i te i f  they are sol idi f ied, or p ' laced' in a high integri ty container,  and
if  disposal procedures ' inc' lude provisions to minimize inadvertent future contact with the waste.
However, the rpst practica'l alternative is to transfer these wastes to an existing federal govern-
ment faci l i ty for future processing and eventual disposal.

13.8.3.3 Storage of EPIC0R-II  Wastes (5L, 74, l2 l l

Depleted resins from the EPIC0R-II  system are being temporari ly stored in a faci l i ty referred to
as the Inter im Radwaste Storage Faci l i ty.  This faci l i ty is a modular structure with each module
consist . ing of approximately 60 storage cel ls.  Each cel l  can hold one 6 x 6 l iner or tuo 4 x
4 l iners. Radiat ion dose can cause the resins to degrade, Howeve:",  in the event that corrosion
caused the l iners to rupture, the contents of the l iner would be contained in the storage cel ls
cons' ist ing of galvanized corregated steel cyl inders with weided steel base plates. The NRC staff ,
along with the Department of Energy, has anticipated the effects of radiation damage to the resins
and is in the process of developing tests to ascertain the condit ion of the resins current ly in
storage. The NRC staff  has not cons' idered the incinerat ion of the EPIC0R-II  resins as an al terna-
t ive process pr ior to storage because of the h' igh-specif ic act iv i t ies which would result  f rom the
process.

13 .8 .3 .4  Degradat ion  o f  EPIC0R- I I  Res ins  and Conta iner  In tegr i t y  (20 ,53 ,  59 ,  75 ,76 ,74 ,84 ,
93 ,  64 ,  100,  114,  115,  120,  121)

Brookhaven National Laboratory (BNL) has indicated that deqradat ion of the' ion-exchange,, ,ater ial
in stored EPICOR-II  l iners may acce' lerate' l iner corrosion and produce a mater ial  which agglom-
era tes ,  mak inq  fu r ther  hand l ing  and process ing  o f  the  mater ia l  d i f f i cu l t . t -a  Due to  th is  concern ,
NRC has contracted with BNL to perform addit ional tests to evaluate radjat ion rJegradat ion effects

To evaluate the current condit ion of the stored EPICOR-II  resins, the' l icensee plans to obtain
l iquid and gas samples from actual EPIC0R-II  f i rst-stage l iners. In addit ion, the DOE plans to
per fo rm deta i led  tes ts  on  EPICOR- I I  f i r s t -s tage l iners  wh ich  w i l l  inc lude examinat ion  o f  res ins
for degradat ion and carbon steel l iner for corrosion. The l icensee and rOE tests are designed to
determine the extent of radiat ion damage on the ion-exchange mater ial  and to compare the actual
resin condit ions to those projected by test ing perfornred by NRC consultants.  The condit ion of the
l iner,  as determined from these tests,  wou1d establ ish the handl ing, packaging, and disposal con-
s t ra in ts  imposed on  each sh ipment .  In  add i t ion  to  requ i r inq  so l id i f i ca t ion  pr io r  to  d isposa l ,  the
EPICOR-II  f i rst-stage res' ins wi l l  requ' i re special  hand' l ing and djsposal procedures. The resins
are being stored in special ly designed concrete storage nodules that contain mon' i tored sumps, so
that in the event of any radioact ' iv i ty leakage, mit igat ing act ions could be taken.

13 .8 .3 .5  EPICOR- I I  Waste  Vo lurp  Pro jec t ions  (74)

The cumulat ive number of l i r iers from EPIC0II- I I  operat ion is projected to be higher than indicated
in the October 1979, Environmental  Assessment for EPICOR-II  System (NUREG-0591).  This is in part

lR .  Bar le t ta  e t  a l . ,  "S ta tus  Repor t  on  Lear :hab i l i t y ,  S t ruc tura l  In tegr i t y ,  and Rad ia t ion  Stab i l i t y
of 0rganic lon Exchange Resjns Sol idi f ied in Cenent and Cement w' i th Addit ives," BNL-NUREG-28286,
May 1980;

2K. K. S. Pi iay, " 'Radiat ion Effects on Ion-Exchangers Used in Radioact ive Waste Management,"  NE/
Rt{M-80-3, Pennsylvania State Universi ty and Brookhaven National Laboratory, 0ctober 1980;

3K. Swyler et a ' l . ,  "Rev' iew of Recent Studies of the Radiat ion Induced Behavior of loh Exchange
Media," BNL-NUREG-28682, November 1980.
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due to the processing of some flushing water used in the decontamination of tanks and equignent in
the AFHB. However, the increased number of liners does not have a siqnificantly different env'i--
ronmental impact, in terms of either worker exposurgs or dose to the public.

13 .8 .3 .6  Spec ia l  Process ing  Fac i l i t ies  fo r  EPIC0R- I I  Wastes  (76)

The off-s i te treatment al ternat ives for EPIC0R-II  wastes, which include inmobi l izat ion and elut ion
and reuse for the zeol i tes and resins and, addit ional ly,  incinerat ion and acid diges.t ion for
resins, are descr ibed in Sect ion 8.1. The faci l i t ies at ntr ich these treatment opt ions can be con-
ducted, i .e. ,  DOE faci l i t ies, are descr ibed in Sect ion 9.1. The transportat ion routes to these
potent ial  faci l i t ies are provided in Sect ion 9.2.

0ff-s i te storaqe is a potent ial  al ternat ive that may be considered both in comb' inat ion with a
treatment alter'tiaiive, or without treatment. The storage alternatives, and constraints on their
ava i lab i l i t y ,  a re  descr ibed in  Sec t ions  9 .1  and 9 .2 .

13 .8 .3 .7  EPICOR- I I  Res in  Packag ing  and D isposa l  (64)

The discussion of the a' l ternat ives for handl ing, t reatment,  storage, and disposal of  the wastes
gerterated by the decontamination and c'leanup of Tl'lI-2 has been expanded in Sections 8.1, 9.2 and
9.3. In addit ion, the costs of these waste management al ternat ives are provided in Sect ion 9.6.

Alternat ives of var ious disposa' l  s i tes have been examined and are discussed in Sect ion 9.2. These
alternat ives include use of DOE faci l i t ies, certain shutdown connercia' l  s i tes, or a new regional
or intrastate l - .Ll ' f  d isposal s i te.  I t  is l ' ikely that inter im storage of the TMI-2 wastes ei ther on-
si te or off-s i te wou' ld then be required unt i l  an al ternat ive government or commercial  s i te became
avai I  ab' le.

13 .8 .3 .8  EPIC0R- I I  Res ins  Re la t i ve  to  10  CFR 61 Gu ide l ines  (74)

The proposed ' l im i ts  fo r  sha ' l low land bur ia l  a re  g iven jn  the  rad ionuc l ide  concent ra t jon  gu ide l ines
presented in "Draft 'Technjcal  Basis for Support ing Addit ional Technical  Cri ter ia and Regulatory
Guides to ' Implement 10 CFR 61 for Land Burial  of  Low-level Wastes." (Th' is document is a sect ion
of the prel iminary draft  of  10 CFR 61, "Disposal of  Low-Level Radioact ive Waste and Low-Act ' iv i ty
Bulk Sol id I' laste. " )

l . lastes containing radionucl ides exceeding the guidel jne values presented jn the above documenr:
would general ly not be acceptable for disposal with a minirrrum of three feet of  cover mater ial ,
al though higher concentrat jons may be acceptable provicied there are suff ic ient barr iers [o re-
claimer intrusion. Higher concentrat ions may also be acceptable depending cn the fon,r  of  the
wastes, for example, ' i f  the waste is sol idi f ied.

1-?.8.4 Waste Storage

13.8 .4 .1  S tor 'age o f  Acc ident  S ludges  (52 ,  55)

The treatment,  packaging and handl ing of s ' ludge generated from the cleanup of the Auxi l iary and
Fue l  Hand l ing  Bu i ld ing  (AFHB)  and the  Reactor  Bu i ld ' ing  (RB)  a re  d iscussed in  Sec t ion  8 .1 .  Two
alternat ives are presented for the packaging of AFHB and RB accident sludge:

o l rmobi l izat ion of the siu: ige with cement or vinyl  ester st jn 'ene in 55-gal lon drums
yielding a maximum number of packages. Act iv i t ies wou' ld range from 17 Ci lpackage (RB
s ludge)  to  250 C i lpackage (AFHB s ludge) .

o  Dewater ing  o f  the  s ludge and p lacement  in  4 'x  4 '  4s - i t3 -h igh  in tegr i t y  s tee l  l iners  y ie ld
ing the minimum number of packages. Act iv i t ies wou' ld range fron 72 Ci lpackage (RB sludge)
to 2,700 C' i . /package (AFHB sludge).

ヽ
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Interim storage of dewatered accident sludge liners prior to further off-site treatment and/or
f inal  disposal wi ' l ' l  take place for as short  a period of t ime as possible. Liners wi l l  be shielded
and handled renrctely,  and periodic inspect ion of l iner inteqri ty wi l l  be performed. Irnmobi l jzed
accident sludge drums wi l !  be handled and stored' i r ,  a sirni lar manner pr ior to transport  to a
d' isposal s i te.

13 .8 .4 .2  0n-s i te  S torage Fac i l i t ies  (31 ,  70 ,  7 I ,  75 ,  L25)

The on-si te storage faci ' l i t ies ( Inter im Radwaste Storage Faci l i ty and Spent Fuel Pool) ,  are in-
tended for temporary storage of radioact ive wastes pr ior to shipment and disposal of f-s j te,  Al ' l
radioact ive wastes, ' including fuel  f rom the reactor,  wi l l  not remain or be djsposed of on-si te
over the long-term. I t  is not intended that,  Three t4i le Is land become a radioact ive waste dis-
posal s i te.  The NRC staff  has determined that these inter im storage facj l i t jes are safe al terna-
tives for the purpose of temporary storage.

13 .8 .4 .3  Spec ia l  Cons idera t ions  fo r  Temporary  0n-s i te  S torage (20 ,  31 ,  40 ,  50 ,  52 ,56 ,60 ,67 ,
69, 71, 72, 75, 78, 80, 84, 100, 102, 103, 114, 120, l2l ,  L23, 124, 130)

Sect ion 9 includes specif ic discussions of al ternat ives for storage of both low-level and high-
level wastes. "storage of wastes" connotes a temporary condit ion where wastes remain retr ievab' le
unt i l  f inal  disposit ion or "disposal" can be performed. "Storage" does not imply the permanent
and ul t imate disposit ion of waste.

Temporary storage of wastes at TMI can be acceptable provided that appropriate engineered faci l i -
t ies are constructed. The storage modules for EPICOR-II  l iners and the spent fuel  pool are exam-
ples of faci t i t ies that have been approved for storage of specif ic radioact ive mater ials.  These
modules rrnuld be expected to have at least a 20- to 30-year l i fet ime. Temporary storage of radio-
ac t ive  wastes  a t  a  nuc lear  fac i l i t y  i s  no t  a  v io la t ion  o f  NRC regu la t ions .

Any storage faci l i ty for TMI wastes wi l l  be designed to minimize environmental  ef fects and wi l l  be
provided with monitor ing systems to detect leaks in waste conta' iners should they occur.  Monitor-
ing systems would provide the l icensee with early warning of leaking conta' iners so that appropri-
ate measures can be taken io prevent migrat ion of radionucl ides.

The geologic and hSdrologic character ist ics of the TMI si te make i t  unacceptable as a permanent
repository for low-level wastes and a' lso for h ' igh- level wastes that require isolat ion for thou-
sands of years. 0n-si te storage of wastes eould be required fcrr  per iods of 20-30 years i f  ade-
guate off-s i te faci l i t ies are not constructed.

NRC is aware that the designat ion of Cisposal s ' i tes should be performed as soon as possible. In
addit ion, the shipment and disposal of  TMI wastes should also be performed in a t imely manner
provided that these operat ions are not in imical to the health and safety of workers and the pub-
l ic.  The rern;:zal  of  wastes from TMI depends on the avai labi l i ty of  sui table off-s i te storage
fac i i i t ies  o r  d isposa l  s i tes .  There fore ,  a  sper : i f i c  cu to f f  da te ,  a f te r  wh ich  a l l  was tes  wou ld  be
required to be shipped off-s i te,  cannot be seler: ted.

13.8.4.4 No Regulat ion to Prohibi t  Temporary t lJ, lste Storage $n-si te (114)

There  is  no  regu la t ion  tha t :pec ' i f i ca11y  proh ib i ts  the  opera t ion  o f  a  nuc lear  power  p ian t  w i th
high-act iv ' i ty radioac+-jve wastes stored outside of the spent fue' l  pool.  However,  there are re-
quirements that the storage of these wastes be:safe and result ing radiat ion exposures due to the
s torage be  w i th in  regu la to ry  l i rn i ts  and majn ta i rned to  as  low as  reasonab ly  ach ievab le  leve ls .
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13.8.4.5 Avai labi : l i ty of  Off-si te Storage Faci l i t ies for Fuel and TRU l{astes (32, 55, 103)

There are current ly transuranic waste storage faci l i t ies operated by DOE at the Los Alamos Scien-
t i f ic Laboratory and at the Idaho National Engineering Laboratory. t lh i le the DOE has not agreed
to use these si tes for ccrmercial  wastes, the use of these faci l i t ies is a technical ly feasible
opt ion. St ipulat ions inposed by DOE on the l icensee would include meeting specif ic reguirements
for the packaging of wastes to be stored. 0ff-s i te storage al ternat ives, both for the high-
act iv i ty sol id waste and damaged fuel,  are descr ibed in Sect ions 9.1 and 9.2.

13 .8 .4 .6  Spent  Fue l  S torage A l te rna t ives  and U.  S .  Reprocess ing  Po l icy  (20 ,50 ,75 ,84)

The damaged and undamaged spent fuel  can be placed in storage ei ther on-si te or off-s i te.  the
spent fuel  would be stored unt i l  packaging opt ions were deve' loped for disposal in a high- level
waste repository or the fuel was reprocessed. It is expected that a portion of the spent fuel
wi l l  be shipped to var ious laborator ies for research and examinat ion. l , lh i le reprocessing of spent
fue l  i s  a  techn ica l l y  feas ib le  a l te rna t ive ,  cur ren t  na t iona l  po l i cy  p rec ludes  reprocess ing .
Should this pol icy be changed in the future, the reprocessing of the TMI spent fue' l  would be
reconsidered.

The ex is t ing  spent  fue l  poo l ,  loca ted  in  the  Aux i l ia ry  and Fue ' l  Hand l ing  Bu i ld ing  (AFHB) ,  cou ld  be
used for the temporary storage of damaged and undamaged spent fuel removed from the reactor core.
Damaged fuel would be stored in special  containers to prevent contaminat ion of the water in the
spent fuel  poo1. High act iv i ty wastes, such as the zeol i te ion-exchange media l iners from the
zeo l i te / res in  p rocesses  used to  c lean up  the  l iqu ids  in  the  conta inment  sump,  cou ld  a lso  be  s to red
in  the  ex is t ing  spent  fue l  poo l .  I t  i s  es t imated  tha t  space fo r  up  to  70  zeo l i te  l iners  i s  ava i l -
able in the spent fuel  pool.  I t  is not expected that EPICOR-II  l iners would be stored in the
spent;  fuel  pool.  Since these l iners, which have lower maximum total  act iv i t ' ies than the zeo' l i te
I ' iners, *ou' ld not reguire as much shielding. The components of the core suport  structure could be
cut up into smal ler sect ions, and stored in the fuel  t ransfer canal af ter t ransfer of the fuel .
In this locat ion, the corponents should not interfere with other aspects of the c ' leanup
opera t  ions .

Ory storage of spent fuel  is discussed as a potent ial  storage opt ion in Sect jon 9.1 and 9.2. The
use o f  s to rage vau l ts ,  ho t  ce l l s ,  o r  spec ia l l y  des igned spent  fue ' l  ca jssons  are  poss ib le  d ry  s to r -
age opt ions.

13 "8.4.7 Storage of I ' lastes in the Reacton3ui ld ing (104 )

The use o f  the  r t rac to r  bu i ld inq  fc r  s to rage o f  was tes  is  an  a l te rna t ive  d iscussed in  Sec t jon  9 .2 .

13.8.4.9 Storage of EPICOR-II  Processed l , laste (20)

The EPIC0R- I I  sys tem does no t  i t se l f  remove rad joac t ive  waste  f rom the  p lan t  s i te .  EPICQR- l I
decontaminates the water and concentrates the radioact iv i ty jn ion-exchange l iners.

The EPIC0R- I I  p rocess  has  proved h igh ly  success fu l  in  remov ing  rad ioac t iv i t y  f rom the  acc ident
water in the AFHB, giving decontaminabion factors of approximately 102 for the two most important
f ission product elements, cesium and stront ium. About 55,000 Ci of  radioact iv i ty have been re-
moved from 500,000 gal lons of water.  The decontamjnated water is stored on the si te,  and the bulk
o f  the  rad ioac t iv i t y  i s  con ta ined in  spent  ion-exchange l ' i ners  wh ich  are  s to red  in  the  In te r im
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Radwaste Storage Faci l i ty.  Disposal of  the processed water (containing tr i t ium) and the l iners
must await  f ina1 select ion and approval of  disposal methods. Since the si te has not been aoproved
as a waste-storage facility, and probably cannot be so approved, long-term storage of these mate-
rials is not: contemplated.

13.8.4.10 0n-si t-4,-storage Faci l i ty Shielding Requirements (50)

The on-si te inter im storage faci l i t ies current ly in use at TMI, and those under construct ion, are
discussed in Sect ion 9.2. Several  faci l i t ies wi l l  u l t imately be used on-si te for both storage and
staging areas for different types of waste packages. Each wou'ld be designed for specific charac-
ter ist ics of the wastes to be stored. Construct ion of an unshielded inter im storage and staging
area for the low-level waste packages is contemplated. However,  al l  storage faci l i t ies wi l l  be
required to rpet NRC regulatory standards for doses to workers and at the facility boundary' as
xel l  as the pr inciple to maintain radiat ion doses to levels as low as reasonably achievable.

13.8.5 transportat ion ot

13.8.5.1 Adherence to Transportat ion Regulat ions (25, 75)

Inherent jn the approaches to be selected for packaging and transporting the wastes from TMI is
adherence to al l  DOT and NRC regulat ions that have been developed to minimize the r isks associated
with transportat ion of nuclear mater ial .  This appl ies to the design of the selected shipp' ing
packages and casks, t ransportat ion modes and routes, and operat ional procedures to be fol lowed
under both normal and accident conditions.

Should a vehicle accident occur enroute, the camier wi l l  fo l low st ipu1ated not i f icat ion and oper-
ational procedures, as defined in an approved emergency plan developed in accordance with NRC and
DOT requirements.

13.8.5.2 Transportat ion Regulat ions and Procedures (25, 40, 75, 85)

Transportat jon of radioact ive mater ials is regulated pr imari ly by the Department of Transportat ion
(D0T) and by the Nuclear Regulat.rry Connission (NRC). The DOT regulat ions are set forth in Ti-
t le 49 of the Code of Federal  Regulat ' ions, pr imari ly in 49 CFR Parts 170-189. The NRC safety
regu' lat ions are set forth in Ti t le 10 of the Code of Federal  Regulat iorrs,  pr imari ly in 10 CFR
Part 71. NRC regulat ions apply both to persons who ship radioact ive mater ials or who offer them
for transport  and to carr iers whoload and transport  these mater ials,  providing for protect ' ion of
both transport  norkers and transport  of  hazardous mater ials,  including radioact ive mater ials.

In a recent assessment of regulat ions (NUREG-0170),  the NRC staff  found that the r isks to the
publ ic hea' l th and safety from transportat ion of radioact ive mater ials are very sma11, conc' luding
that the environmental  ef fects of normal tran:;portat ion and the attendant r isks al low cont inued
shipments by al l  nodes and that no changes to the safety regulat ions are necessary"

The NRC also has an inspect ion and enforcement program to assure that l jcensees do in fact comply
with the safety and safeguards reguirements during the shipment process. Current inspect ion plans
ca l l  fo r  inspec t ion  a t  the  po in t  o f  o r ig in  o r  the  po in t  o f  des t ina t jon  to  de termine the  l i censee 's
compliance with appl icable requirements. The NRC is empowered to take enforcement act ion where
l icensees are not sat isfying NRC requirements,,

The NRC requires l icensees to give the NRC advance not ice for shipments of spent fuel  and passes
this information on to appropriate state agenr: ies on request.

The t{RC has set up a special  procedure for wa:; te shipped from the Three Mile Is land power stat ion
whereby the ut i l i ty not i f ies designated persorrs in each state through which a shipment wi l l  pass.
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If  requested, the ut i l i ty also informs the state pol ice of pending shignents, giv ing thgn vehicle
ident i f icat ion, est imated t ime of arr ival ,  and route data.

As required in Sect ion 301 of Publ ic Law 96-295, the NRC is draft ing regulat ions to require t i r rc ly

not ice for governors of states in which wi l l  pass shipments of radioact ive waste and spent fuel .

Such notice will not apply, however, to radioactive waste shipments that the NRC determines do not
pose a signi f icant hazard to the health and safety of the publ ic.

The DOT regulat ions address qual i f icat ions of dr ivers at 49 CFR Part 391. These regulat ions cover
fan i l ia r i t y  w i th  ru les ,  p roh ib i t ion  o f  a id ing  or  abet t ing  v ' io la t ions ,  d r iv ing  ab i l i t y ,  age"
f luency in communicat ing with the publ ic and understanding highway signs and signals,  dr iv ing
experience or training, dr iver disqua' l i f icat ions, dr iver background and character,  road tests and
mitten examinat ions, physical  qual i f icat ions and examinat ions, and f i les and records.

In addit ion to training required by the DOT, state transportat ion agencies, and individual em-
ployers, the l{RC requires for spent fuel shipnents that each driver and escort know under what
circumstances the cargo veh'icle should be irrnobilized and how to use communjcation equ'ipment
(10 CFR 73.37).  In addit ion, the escort(s) must have completed training in accordance with Forsn-
dix D to 10 CFR Part 73. The l icensee is responsible for establ ishing the length and frequeri .J of
courses necessary to meet the requirements of Appendix D, 10 CFR Part 73. Section 73.73 of 10 CFR
Part 73 does not specif ical ly require fresher courses; however,  the l icensee is responsible for
conduct ing necessary training to deve' lop and maintain the competency of escorts to accorpl ish
effective emergency response procedures.

13.8.5.3 Proposed Changes in Transportat ion Regulat ions (130)

The proposed DOT regulat'ions will not change the special procedure set up by the NRC for advance
not ice of Tl i l l  shignents. Under this procedure, the ut i l i ty not i f ies designated persons in each
state through which a shipment wi l l  pass. The not ice may include vehicle jdent i f icat ion, est i -
mated t ime of arr ival ,  and route data, depending on what information each state requests of the
ut i l i ty.  The t ' lRC has proposed nore general  advance not ice rules for shipments of radioact ive
waste mater ia ' ls (45'Fed. Reg. 81058).

The basic effect of  the proposed DOT regulat ions is not to deregulate truck transportat ion of
radioact ive mater ials but to make uniform the rout ing requirements of such transportat ion. | . l j th
these regulat ions, the DOT intends to reduce the poss' ibi ' l i ty of  exposure and inadvertent releases
in normal and accident si tuat ions in transportat ion and to clar i fy the scope of permissible state
and local act ion (45 Fed. Reg. 7140).

The NRC has studied the effect of  highway rout ing controls on accjdents in i ts environmental
statement of t ransportat ion of radioact ive mater ials (NUREG-0170).  By rout ing trucks on turnpikes
or interstate highways, the acc'ident rate would decrease by about ten percent (NUREG-0170, P. 6-
L2).  The number of accidents ci ted would not change signi f icant ly.

13 .8 .5 .4  Poss ib le  I l lega l  l ' l as te  Sh ipmr :n ts  (64)

The wastes generated at TMI-2 are care' ful ly accounted for on-si te,  and manifested for of f-s i te
shipnent.  The NRC, ut i l i ty,  and carr ier maintain detai led records for each shipment,  as does the
disposal s i te.  Records are avai lable'For track' ing the waste from i ts generat ion through disposal.
I l lega' l  shipments from Tl l I -2 are extrernely unl ikely,  and none have ever been detected.

13.8.5.5 Commercial  Shipment of Wastes (130)

Shipment of wastes to the commercial  disposal s i tes wi l l  be performed by commercial  shippers in
accordance with DOT and NRC regulat ions. Some shipnents of radioact ive mater ial  to DOE research
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faci l j t ies may be performed for the government by comrercial  shippers or in special  cases in
government-owned and operated vehicles and equipment.

13 .8 .5 .6  Sh ipment  o f  Smal l  Ouant i t ies  o f  Contaminated  L iqu ids  (50)

Shipments of smal l  test quant i t ies of contaminated l iquids and ion-exchange mater ials for labora-
tory examinat ion, packaged and handled in accordance with l lRC and DOT regulat ions, are
permiss ib le

13.8.5.7 Risk Associated with Cross-Country Shipment of Wastes (45)

The r isk in transport ing waste, is l inearly proport iona' l  with distance traveled. Al though the
risk of t ransport  for a short  t r ip unu' ld be less than that for a longer tr ip,  however,  in ei ther
case,  the  r i sk  wou ld  be  smal l .

The current "most l ikely" t ruck route from TMI to Hanford, l {ashington, is 2750 miles long. An
evaluat ion has been made of the exposures that individuals along the transportat ion route receive
from the waste shipments from TMI. The results of this evaluat ion, which are provided in
Sect ion  9 .5 .1 .2 ,  show tha t  ind iv idua ls  l i v ing  a long the  rou te  a re  be ing  exposed to  very  smal l
(< 0.019) increases in radiat ion levels over natural  background for the maximum potent ial  number
of waste shipments.

13.8.5.8 l* lodes of t laste Transport  (43)

Truck shipment is the current transportat ion mode for the TMI-2 wastes, and i t  is ant ' ic ipated that
i t  wi l ' l  be used for future waste and fuel shipments. Rai l  and intermodal t ransportat ion are men-
t ioned in the context of  avai lable al ternat ives but,  because of their  re ' lat ive constraints and
disadvantages, (Sect ion 9.2) they are not present ly being considered for shiyment of any waste or
fuel .  Should this si tuat ion charrge, the environmental  ef fects of these modes would be evaluated
separately.

13 .8 .5 .9  Transpor ta t ion  Routes  (3 ,  9 ,  32 ,  50 ,  51 ,  70 ,  86)

Only one shipment of radioact ive sol id wastes has traveled via ei ther Route 1l  or Route 15. These
tro roads wi l l  not be used for future shipments.

Sec t ion  9 .2  p rov ides  a  d iscuss ion  o f  t ranspor ta t jon  a l te rna t ives  and rou t ing  wh ich  jnc ludes  the
poten t ia l  rou tes  to  a l l  v iab le  o f f -s i te  s to rage,  t rea tment ,  and d isposa l  fac i l i t i es ,  no t  on ly  to
the Hanford faci l i ty.

The routes for t ransport ing the radioact ive waste to an off-s i te waste storage, treatment,  or
d isposa l  fac i l i t y  a re  se lec ted  on  the  bas is  o f  cument  00T and NRC gu ide l ines .  The in te rs ta te
highways, in conjunct ion with urban bypasses, represent "preferred" routes. The transport  routes
are  se lec ted  a f te r  cons iderab le  s tudy ,  and in  consu la t ion  w i th  s ta te  and mun ic ipa l  o f f i c ia ls .
Prior to individual shipments, when shipping plans are conf irmed, factors such as temporary haz-
ards enroute are considered and, i f  necessary, modif icat ions are made in the plan to avoid them.

Sect ion 9.2 shows the "most l ikely" t ransportat ion routes to al ' l  the possible waste treatment,
s to rage,  and d isposa l  fac i l i t i es .  S ince  a  nuntber  o f  in te rs ta te ,  U.  S . ,  and s ta te  h ighways  are
potent ial  routes, i t  would not be appropriate to sing' le out one route, such as I-80, for a sepa-
ra te  acc ident  s tudy .  Acc ident  s ta t i s t i cs  a re  a  fac to r  in  se lec t ion  o f  a l l  the  rou tes .

The selected routes are subject to review by s; tate agencies and to revision to assure that impacts
from normal transportat ion and potent ial  accidents are minimized. Therefore, the selected
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transportat ion routes wi l l  incorporate any requirements imposed by the qovernmental  bodies of the
state being traversed. The routes to al l  possible waste treatments, storage, and disposal
fac i l i t i es  a re  p resented  in  F igure  9 .2 -9 .13 .

1 3 . 8 . 5 . 1 0  R a d i a t i o n  E x p o s u r e  d u r i n g  W a s t e  T r a n s p o r t  ( 2 5 ,  6 0 , 6 6 ,  7 0 , 7 2 , 7 5 , 9 8 , 1 0 7 ,  L ? 5 )

The occupat ional exposures calculated for the waste truck dr ivers are presented jn Sect ion 9.5.
The analysis is based on two dr ivers making 30 tr ips per year on each of two potent ial  routes--the
longest route of 2,750 miles to Hanford, l lashington; and the shortest of  370 miles to l . lest Val ley,
New York. The annual crew dose is 11.0 person-rem for shipments on the longest route, and
1.6 person-rem for shipments on the shortest route. The occupat ional exposures truck dr ivers
receive are regulated, and each individual is monitored to assure that the estab] ished l imits are
not exceeded.

In determining the l .3-mrem exposure of members of the publ ic standing three feet f rom a stopped
loaded truck, a three-minute exposure durat ion was assumed. During the counse of a shipment,  i t
has been conservat ively assumed that ten people would be so exposed, result ing in a total  popula-
t ion dose of 0.013 person-rem.

As an upper bound the transportat ion doses to people residing along the shipping route from TMI to
the Hanford disposal s i te for the minimum and maximum number of shipments have been evaluated to
range from 16 person-rem to 50 per-rern (Sect ion 9.5.I .2).  The approach used for determining such
exposures is based on the analysis provided jn NUREG-0170, "Final Environmenta' l  Statement on the
Transportat ion of Radioact ive Mater ia ' l  by Air  and 0ther l ' lodes."

Occupat ional exposures have been determined for al l  the workers involved jn the waste management
s teps ,  inc lud ing  those hand l ing  and load ing  the  waste  packages on to  the  t rucks  and the  hea l th
phys ic is ts  mon ' i to r ing  these ac t iv i t ies .  These exposures  are  prov ided in  Sec t ion  9 .5 .

The exposure of t ransport  workers during loading and ship'ment is not comparable to exposure of
ind iv idua ls  in  the  genera l  pub l i c .  0ccupat iona l  rad ia t ion  exposure  l im i ts  a re  h jqher  because o f
several  reasons; for example, radiat ion workers are closely monitored for radjat ion exposures,
records of cumulat ive radiat ion doses are maintained, and the work they perform are under the
prov is ions  c r f  the ' l i censee 's  rad ia t ion  pro tec t ion  p lan  procedures .

The dose to  peop le  l i v ing  near  the  d isposa l  s i tes  has  no t  been ca lcu la ted  fo r  spec i f i c  TMI  waste
shipnents since the TMI waste does not add to the waste disposed of at  the faci l i ty,  but replaces
other waste shipments. Thus, the TMI waste does not add to the exposure to be received by the
p o p u l a t i o n  i n  t h e  v i c i n i t y  o f  t h o s e  f a c i l i t i e s .

The potent ial  for t ransportat ion accidents and the impacts associated with both airborne and
waterborne re leases  f rom such acc idents  have a lso  been eva lua ted  (Sec t .  9 .5 ) .  Re lease f rac t jons
of  rad ionuc l ides  are  ca lcu la ted  based on  conserva t ive  assumpt ions  o f  severe  acc ident  cond i t ions ,
and a representat ive inhalat ion dose determjned for this type of accident.  Under thjs "worst-case
accident scenario,  whose potent ial  f requenq'of occurrence is in the order 10-9 accidents per
t ruck  mi le  fo r  the  longes t  rou te  (2 ,750 mi les) ,  the  inha la t ion  dose is  less  than 10% of  the  annua l
dose due to  background rad ia t ion .  Thus ,  in  the  un l i ke ly  case an  acc ident  does  occur ,  the  e f fec t
o f  rad ia t ion  re lease is  no t  cons jdered to  be  a  s ign i f i can t  impact .

The s ta t i s t i cs  fo r  acc ident  ra tes  used in  Sec t ion  9 .5  were  ob ta ined f rom acc ' ident  ra te  s ta t i s t i cs
in  "Transpor ta t ion  o f  Rad ioac t ive  Mater ia l  by  A i r  and 0 ther  Modes, "  NUREG-0170.
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13.8.5.11 Responses to Transporat ion Accidents (25)

Current ly,  i f  an accident occurs, state and local governments are pr imari ly responsible for over-
seeing the response of carrier, shipper, and others and for taking any actions deemed necessary to
protect health and safety. To assist state and local governments, the federal government has a
progran cal led the Federal  Radiological  l i r toni tor ing and Assessment Plan (formerly cal led the Inter-
agency Radiological  Assistance Plan) which could be used to assist  state and local authori t ies.
The progrm is coordinated by the Department of Energy (DOE). The DOE charges eight regional
coordinat ing off ices with the responsibi l i ty and authori ty to convene rad' iological  assistance
teams. t{hen called, a tean reports to the scene of an accident or other radiological energency
and assists the emergency response personnel already on the scene.

The subiect of  emergency preparedness in transportat ion of radioaet ive mater ials is under act jve
consideration by both the NRC and the D0T. A joint NRC/D0T study group (NUREG-0535) recommends
several  act ions, including federal  rulemaking, on response planning by shippers, carr iers,  and
state and local agencies. The group recommends that state and' local agencies develop pians to
both advise and assist the carrier and to take appropriate control actions at the scene of an
accident to protect public health and safety.

To assist  state and local governnents in pranning emergency responses to radiological  incidents at
fixed sites or in transportation, the feder al government has an interagency progrdn to coordinate
planning, guidance, and training (44 Fed. Reg. 69904).  In this program, the DOT suopl ies guidance
on emergency response planning related to transportat ion of radioact ive mater ials.  The Federal
Emergency l4anagement Agency (FEMA) is the lead agency in this program.

13.8.5.12 Transportat ion Accident Parameters (120)

An analogy drawn between the behavior of sol idi f ied TMI waste and the waste immobi l ized in glass
in Sect ion 9.5 indicates that the fract ional release and dispersion of airborne part ic les would be
simi lar to those under the condit ions of a severe truck accident causing container rupture and
attendant f i re explosion.

Tm accident cases ciescr ibed in Sect ion 9.5, the release of airborne respirable part ic les from a
ruptured container with a f i re and the release of waterborne mater ial  f rom a ruptured container
underwater,  are considered to be boundary cases for maximm impact of potent ial  accidents. The
release fract ions used have been analyzed using highly conservat ive assumptions, s ince Type B
transportat ion packages, which would be used for the high-act iv i ty-wastes, are designed to with-
stand the effects of a 30-minute diesel- fuel  f i re without damaoing the contents. A water-
i rrnersion test is also inc' luded for this package.

13.8.5.13 Evaluat ion of Transportat ion Accidents (66, 25, 707, 125)

Transportat ion accidents are addressed in Sect ion 9.5.

The environment of the core during the TMI-2 accident was signi f icant ly di f ferent from the envi-
ronment of the fuel in a transportation accident would be. The Tt'lI-2 core was apparently
uncovered for over half  i ts length for a t ime long enough to al low extensive damage from over-
heat ing. The high temperatures that occurred caused fuel c lad fai lure and the high fract ional
release of the more volat i le f ission products. 0n the other hand, in a transportat ion accident,
even with loss of coolant for spent fuel ,  both temperatures and the re' lease of f ission products
would be much lower.

13.8.5.14 Accidental  Releases from a Breached Cask (75)

Although the Type B casks are subjected to a terst  progran inclusive of a 30'  drop test,  they are
des igned to  w i ths tand s t resses  assoc ja ted  w i th  g rea ter  d rop  d is tances .  In  the  h igh ly  un l i ke ly
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event that a cask is breached as a result  of  the postulated 60, drop from within the bui ldinq the
bui lding eff luent control  systems are designed to handle the airbcrne eff luents, maintaining
outside releases within reoulatory l imits.

13.8.5.15 Shipping Radioact ive t lastes in Lower concentrat ions (47)

Shipping radioact ive wastes in less concentrated forms unuld not necessari ly iessen the totalpotent ial  environmental  impact.  Rather,  an increased number of shipnents, increased radioact ivewaste handl ing, and a potent ial  increase in total  worker exposures wou' ld result .  An increasednunber of shipments may also result  in a higher potent ial  for accidents and subsequent releases
of radioact iv i ty to the environment.  The current pract ice of radioact ive waste shipments withadequate safeguard features ( i .e. ,  waste immobi l izat ion, radiat ion shielding and container
integri ty requirements) has a smal ler potent ial  for environmental  inpact.

13 .8 .5 .16  Veh ic le  Dr iver  Exposure  (130)

Routine exposure to both truckdrivers and members of the general public from transportation ofradioact ive waste mater ials from Tl l I  are discussed in Sect ion 9.5. A truck crew rBmber unuldreceive about 60 nirem per trip for the TMI wastes for the longest shipping route. Since the TTvIIwastes are to be shipped under exclusive-use amanqements (a regulatory tirm for shipnent witho l l y  one cons ignor  and on ly  one cons ignee) ,  the  rad ia t ion  leve l - ins ide  the  cab is  l im i ted  by  bo thNRC and DoT regulations to 2 mrem per hour. Assuming a crew made round-trip shiprnents to Hanford,I'lA, every ten days, the maximun number of trips which could be made in a year is 36.5. At 60 mremper tr ip '  the dose to each crew member rvould be 2.2 rm. This vaiue is l lss than the occupat ionalexposure I  imit  in 10 CFR part  20.

1 3 . 8 . 5 . 1 7  A v a i l a b i l i t y  o f  S h i e l d e d  S h i p p i n g  C a s k s  ( 7 5 )

Based on the cuffent c leanup, decontaminat ion, and waste disposal schedules and est imates to pack-
agino waste generat ion, i t  does not appear that the avai labi i i ty of  casks wi l l  pose severe con-
straint on the waste shipment schedule. However,  as noted in Sect ion 9.! .  the purchase or lease ofadd i t iona l  sh ie lded 'casks  is  be ing  cons idered to  a l lev ia te  any  poss ib le  cons t ra in ts  on  the
schedul e.

13 .8 .6  Waste  D isposa l -

13 .8 .6 .1  DOE to  Engage in  Radwaste  D isposa l  Eva lua t ions  (7g)

The quest ion of where commercial  radioact ive wastes, including those from TMI, wi l l  be sent forlong term storage/disposal has been studied by both the Depariment of Energy ioOr) anO tnu runi.The general  conclusions of these studies are that radioact ive waste can be-safely 'disposed of,tha t  p resent  p lans  fo r  es tab l i sh ing  d isposa l  s i tes  a re  es tab l i shed.  The de ta i l s  o f  these s tud ies
can be found in several  documents, anong which are the' ,statement of posi t ion of the United statesDepartment of Energy" in regard to "Proposed l lu lemaking on the storage and Disposal of  Nuclearlr laste" dated Apri l  15, 1980 (D0E/NE-0700) and the Final Environmentai  impact Statement on"Management of Commercial ly Generated Radioacl; ive t laste (DoE/EIS-0466F, 

'3 
volumes).

DOE is a' lso act ively engaged in the evaluat ion of several  aspects of the al ternat ives for theu l t imate  d isposa l  o f  the  rad ioac t ive  wastes  and nuc lear  fue l  mater ia l .  Th is  inc ludes  the  tes t ingof  was te  fo rms,  se lec t ion  o f  su i tab le  s i tes ,  and methods  o f  d isposa l  o f  bo th  the  so l id  rad ioac t ivewastes and the fuel from the reactor.

13 .8 .6 .2  Determinat ion  o f  D isposa l  Impacts  (2 t4 ,  64)

The specif ic disposal methods and si tes for Tfvl l -generated wastes wi l l  be selected based on thecharac ter is t i cs  o f  the  ind iv idua l  was te  mater ia ls .  Even though no t  a l l  the  spec i f i c  d isposa l
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methods and si tes have been selected for TIvI I  wastes, i t  is possib' le to ident i fy al ternat ives and

establ ish bounding est imates for overal l  di f ferent ial  disposal costs and potent ial  health effects

to mrkers and the publ ic.  Inf lat ion costs have not been considered by escalat ing base year costs

using an est imated inf lat ion factor.

13 .8 .6 .3  Waste  D isposa l  Shou ld  Not  Be a  Prerequ is i te  to  C leanup (50 ,  98)

A l though ques t ions  regard ing  o f fs i te  d isposa l  s t i l l  ex is t ,  espec ia l l y  w i th  regard  to  h igh-

specif ic-act iv i ty *asi"s and spent fuel .  However,  the NRC staff  has indjcated that resolut ion of

oi f-s i te disposai quest ions should not be a prerequisi te to proceeding with on-si te cleanup

a c t i v i t i e s .

1 3 . 8 . 6 . 4  L o w - L e v e l  t l a s t e  D i s p o s a l  S i t e  A v a i l a b i l i t y  ( 1 1 ,  1 6 , 3 2 , 5 0 ,  5 1 ,  5 3 ,  5 5 ,  6 1 , 6 4 , 6 7 , 7 0 ,
75 ,  79 ,  84 ,  85 ,  92 ,  93 ,  98 ,  101,  107,  114,  115,  123)

The comnercial  disposal s i te at Hanford, l ,JA, is current ly accept ing certain wastes generated at

TMI. The wastes wtr ich have been shipped to Hanford include contaminated trash'  some sol idi f ied

decontaminat ion solut ions, and EPICOR-I resins. In November 1980, an ini t iat ive was passed in the

State of Hashington wtr ich uould prohibi t  the Hanford commercial  disposal s i te from accept ing out-

of-state non-medical wastes after July 1, 1981. Agreements between other states and the State of

t tashington, however,  could be formulated wtr ich rrou' ld al low the acceptance of wastes from those

other states.

In the event that exist ing commercjal  low-level waste disposal s i tes are unavai ' lable for TMI

wastes, storage of these wastes ei ther on-si te or off-s i te vould be reguired unt i l  an al ternat ive

disposal s i te becomes avai lable. On-si te or off-s i te storage would be required for wastes requir-

ing  d isposa l  in  a  h igh- leve l  was te  repos i to ry  un t i l  such  a  fac i l i t y  becomes ava i lab le .  I t  i s

in[ended that the cleanup of TMI would proceed and not be predicated by select ion of u] t ' imate

disposal rpthods.

13 .8 .6 .5  t {es t  Va l ley  (125)

' the tJest Val ley disposal s i te is considered as an al ternat ive for disposing of TMI generated low-

level wastes. However,  there are several  inst i tut ional and technical  issues which must be re-

solved pr ior to reopening West Val ley for TMI wastes.

1 3 . 8 . 6 . 6  Q u a n t i t i e s  o f  t ' t a s t e  G e n e r a t e d  ( 3 2 , 5 0 , 7 5 )

The volume of each waste form generated from varjous sources during the cleanup and decontamjn'a-

t ion operat ions was determined from an evaluat ion of the treatment or condit ioning process charac-

te r is t i cs ,  in  con junc t ion  w i th  the  quant i t ies  o f  inpu t  mater ia l  to  be  processed.  Exper ience a t

o ther  fac i l i t i es  undergo ing  decontaminat ion ,  resu l ts  o f  deve lopment  tes t ing  a t  indus t r ia l  and
government faci l i t ies, and actual processing experience have provided the process parameters used

in each case. The waste volume qenerated are tabulated for each waste form in Sect ion 8.1.

13.8.6.7 Reactor Systems Wastes (50)

The evaluat ion of waste types and volumes generated in the reactor system cleanup or core remova' l

considers that al l  of  the system components, both major parts and m' iscel laneous hardware, that

w i l l  be  d isposed o f  as  waste .  The t lpe  and quant i t ies  o f  was te  a re  descr ibed in  Sec t jon  8 .1 .
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13.8.7 Hiqh Level Hagte

13.8 .7 .1  F ina l  D ispos i t ion  o f  H igh-spec i f i c -Ac t ' i v i t y  l fas tes  (52 ,64 ,75 ,  76 ,  85)

Sect ion 9 includes specif ic discussions regarding the al ternat ives for the disposit ion of the SDS
wastes. t {RC agrees that the f i rst  stage zeol i te wastes, which may have Cs-137 at specif ic act iv i-
t ies on the order of 1000 Ci l f t ,  are unacceptable for rout ing shal low land burial  methods.

Hastes which are unacceptable at the cormercial  low-level waste disposal s i tes due to very high
specif ic act iv i t ies would need to be disposed of using methods which provide greater isolat ion
from the envirorment than does corrnercial  land burial .  The only opt ion which is current ly being
developed and that wou' ld provide the required degree of isolat ion, is the high-level waste reposi-
tory.  Therefore, high-specif ic-act iv i ty wastes are being considered as candidates for the high-
level waste repository.

13 .8 .7 .2  D isposa l  o f  H igh-Leve l  l Jas tes  and Spent  Fue l  (11 ,  13 ,  16 ,  20 ,  51 ,  52 ,  60 ,  64 ,67 ,7L ,
76, 79, 95, 92, 93, 1oo, 107, 1og, 114, 115)

The DOE has  the  leg is la t i ve  respons ib i l i t y  fo r  s i t ing ,  bu i ld ing  and opera t ing  h igh- leve l  was te
respositor ies. The DOE current ly is performing f ield studies in several  loeat ions throughout the
U. S. to determine potent ial  s i tes for a high- level waste repository e.9.,  sal t  domes in Louisiana
and Mississippi,  in basalt  formations in Hanford, blash' ington, in bedded sa' l t  in New Mexico, and
tuff  formations at the Nevada test s i te.  Based on current plans, i t  is expected that Final Envi-
ronmental  Impact Statements wi l l  be corpleted for a potent ial  repository for sal t  domes in July
1983, basalt fornations by February 1983, bedded salt in September 1984, and for the Nevada test
si te tuf f  formations in November 1984. Fol lowing a review of the character ist ics of the potent ial
s i tes in var ious nedia, a si te wi l l  be selected for the f i rst  repository.  The current schedules
include avai labi l i ty of  the f i rst  repository for cornprcial  high- level wastes between 1997 and
2006.

On-si te or off-s i te storage would be required for wastes requir ing disposal in a high- level waste
repos i to ry  un t i l  such  a  fac i l i t y  becores  ava i lab le .  S torage fac i l j t i es  fo r  h igh-ac t iv i t y  was tes
would be designed to minimize environmental  impacts over a 20- to 3O-year storage period to ac-
count for possible delays in repository operat ion.

Current ly,  spent fuel  f rom nuclear power plants is stored in fuel  pools simi lar to the TMI fuel
poo l .  Th is  spent  fue l  a lso  requ i res  cont inued s to rage un t i l  a  h igh- leve l  repos i to ry  i s  s i ted ,
constructed, and l icensed. Therefore, the spent fuel  at  TMI wi l l  be disposed of in a simi lar
manner to the spent fuel  which exists at other nuc' lear power plants.  The damaged spent fuel  wi11,
however,  require special  packaging for t ransportat ion and possibly special  processing to meet the
waste form requirements for the high-level waste repository.

13.8.7.3 High-Level l {aste Repository Site Select ion (51)

The d is t inc t ion  be tween s i te  se lec t ion  f r r r  a  h igh- ' leve l  was te  d isposa l  fac i l i t y  and s i te  se lec t ion
for a nuclear power p' lant,  is found in the requirements for storage of the waste on or near the
sur face  in  a  re t r ievab le  manner  versus  the  u l t imate  deep geo log ic  d isposa l  in  a  h igh-1eve l  was te
repository.  Deep geologic disposal requires that the si te,  located thousands of feet below the
surface, isolate the waste from the environment for thousands of years. The basic si te require-
ments  fo r  a  geo log ic  repos i to ry  a re  geo log ic  s tab i l i t y ,  l im i ted  f ' l ow o f  g round water  and iso la t jon
from the act iv i t ies of future generat ion:s of hunan beings.

13.8.7.4 DOE Acceptance of High-Act iv i t l f  l lastes (48, 52, 59, 80, 105 )

DOE has  the  fac i l ' i t i es"  capab i l i t ies ,  anrJ  exper t i se  in  the  process ing ,  s to rage,  and d jsposa l  o f
the  h igh  spec i f i c  ac t i v i t y  was tes .  The issue o f  DOE acceptance o f  these wastes  invo lves  the  com-
b in ing  o f  de fense and cor rnerc ia l  was tes , lnd  the  poss ib le  NRC l i cens ing  o f  these ac t iv i t ies .
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In this regard NRC Chairman Ahearne, in a letter to DOE, has mjtten to Secretary Duncan on
0ctober 20, 1980 and has requested DOE assistance for the process'ing, storage, and disposal of
some of the high-act iv i ty waste forms which wi ' l l  be generated in the Tl l l l  c leanup. In a fol low-up
letter, the NRC Executive Director for 0perations urote to the Under-Secretary of DOE and indi-
cated that NRC l icensing jur isdict ion urould not include DOE faci l i t ies whose pr imary funct ion
remained the handl ' ing of defense and research waste mater ials.

13 .8 .7 .5  Future  Sta tus  o f  DOE (102)

The DOE faci l i t ies which are ident i f ied as opt ions for waste processing and disposal are involved
in nat ional defense act iv i t ies. These faci l i t ies would cont inue to be operated whether under the
jurisdict'ion of the DOE or under another qovernment agency and TMI unuld not become a radioactive
waste disposal s i te.

13.8.7.6 Submerged Demineral ' izer System (SDS) t ' laste Disposal (70)

The licensee has proposed to use the submerged demineralizer system (SDS) for process'ing the
l iquids in the reactor bui lding sump. (The NRC has not authorized the use of the SDS.) The SDS
uses di f ferent components than the EPICOR-II .  The SDS and EPIC0R-II ,  however,  ut i l ize ion-
exchange as the mechanism for cleanup of the radionucl ides in the l iquids.

The SDS f i rst  stage wi l l  generate an inorganic ion-exchange mater ial  (zeo' l i te) having a specif ic
act iv i ty much higher than wastes which are rout inely generated at other nuclear power plants.
Because these wastes wi ' l l  be unacceptable for disposal at  commercial  shal low land burial  s i tes,
storaqe on-si te wi l l  be required unt i l  e i ther the DOE accepts these wastes for process' ing w' i th
their  oyrn simi lar wastes or unt i l  acceptable disposal opt ions, such as a high-1evel waste reposi-
tory,  is l icensed and becomes operat ional.

13 .8 .7 .7  H igh  Spec i f i c  Ac t iv i t y  t las te  (53 ,  76 ,  98)

For the ion-exchange wastes whose specif ic act iv i ty and inventory of radionucl ' ide contaminat ion
reguires that they be handled as High Specif ic Act iv i ty l .Jaste (HSA|.I)  e.9.,  the f i rst  stage of the
SDS system, off-s i te storage, treatment,  and disposal opt ' ions wi l l  be di f ferent from those for
low-leve' l  waste (LL}l) .

The off-s i te treatment al ternat ives for this waste, wtr ich include immobi l izat ion and elut ion from
the zeo l i tes  and res ins  and,  add i t iona l l y ,  inc ' inera t ion  and ac id  d iges t ion  fo r  the  res ins ,  a re
descrjbed in Sect ion 8.1. The DOE faci l i t ies at which these treatment opt ions can be conducted,
are descr ibed in Sect ion 9.1. The transportat ion routes to these faci l i t ies are provided in
S e c t i o n  9 . 2 .

Inter im stor"age of HSAW and fuel,  on-si te and probably off-s i te,  are viable and necessary opt ions.
The cleanup of TMI-2 is not considered to be dependent on the select ion of an ul t imate disposal
si te ( ' i .e. ,  geologic repository) for this ma'ter ial .  The cleanup can proceed and, as requ' i red, the
various waste forms can be stored unt i l  the selected treatment/disposal opt ion' is avai lable. Off-
si te storage may be considered for HSAW both in combinat ion with a treatment al ternat ive, or
without treatment.  The storage al ternat ives, and constraints on their  avai labj l i ty,  are descr ibed
in  Sec t ions  9 .1  and 9 .2 .  The rou tes  to  thesr :  fac i l i t i es  a re  p rov ided in  Sec t ion  9 .2 .

The al ternat ives and exist ing constraints for disposal of  HSAW are discussed in Sect ions 9.1 and
9.2 .  S ince  the  pr ime opt ' ion  fo r  d isposa l  o f  the  HSAW is  in  a  geo log ic  repos i to ry ,  spec i f i c  loca-
t ions  cannot  be  ident i f ied  pend ing  se ' lec t ion  o f  po ten t ia l  repos i to r ies .

13 .8 .7 .8  V i t r i f i ca t ion  o f  lon-Exchange Med i ,a  (50 ,  55 ,  76 ,  l2 I )

The discussion of a treatment a' l ternat ive for the h' igh-specif ic-act iv i ty ion-exchange mater ial  is
found in  Sec t ion  8 .1 .  Among the  t rea tment  a l te rna t ives  d ' i scussed is  immobi l i za t ion  by  v i t r i f i -
ca t ion  in  g lass ,  wh ich  wou ld  be  conducted  a t  o f f -s i te  fac i l i t i es  des igned to  p rocess  h igh- leve l
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waste streams,  Specific facilSttes at which these immobilizatSon capabllitSes exist are iden―

tified in Section 9.1.  Facilities avaflable for immobillzing the HSAW in a glass or ceramic ma―

trix ar1 located at DOE sStes.

Representative costs for each Of the vSable treatment, packaging, and d,sposal alternatives are

disttssed in Section 9.6 and Appendix G.  Thus, it will be possible to weigh costs along with

technical feasibility and environmental lmpacts to evaluate an alternative.

13,8.7.9  Acceptablllty of High‐ Level Wastes at Hanford (92)

Hギgh‐level wastes would be unacceptable for disPosal at the Hanford commercial disposal site,

notwithStanding the initiative passed by the Washington State Electorate in November 1980.  High‐

level wastes would require disposal in a higholevel waste repository which is to be developed by

the DOE.  DOE tts currently investigattng suitable geologic media at several sites for locatヽ ng a
high‐level waste repository.  The first repository is scheduled to be avaキ lable for disposing of
wastes between 1997 and 2006.

13.8.7.10 SpecSal Nuclear Material ln Wastes(50,100)

Spectal nuclear material (SNM) is defined in 10 CFR 70 as:  .3(1) plutOnium, urantumo233, urant uln

enriched in the isotope 233 or in the isotope 235, and many other materials which the Commisslon,

pursuant to the provisions of Section 51 of the [Atomic Energy Act], determines to be special
nuclear material, but does not include source materia15 0r (2)any material artificially enriched

by any of the foregoing but does not include source material.い   The regulatlons in lo CFR 70 do
not provide numerical concentration or mass limltation ex3mptlons for SNM.

The corrllnerctal disposal sites are currently licensed to accept for disposal ィ aste materials con―
taining less than 10 nCi/gm of TRU materials including plutonlumo  Wastes containing greater than

10 nCI/grll would requtre storage until either a high-level corlnercヽ al waste repository or a TRU
disposal factllty becottes ava1lable.

Disposal site license condit,ons also include specific possesslon limits fOr uraniumo233.  These

possesslon llmits vary at edch disposal slte and are based on criticallty consideratlonse  Since
most uranlum-233 1s derived from the thoFium fuel cycle, which is not appllcable to TM19 uranium‐

233 will not limit disposal considerations.

The source of plutonium in the wastes would be fuel debris, which could be removed as particulates

in the prccessing of the reactor building water or the primary system llquヽ ds.

1398.8  0ther Comments

13.8.8.l  Comparison of Requirements for Processing and DispOsal of Wastes at TMI and at other

Nuclear Power Facilities (130)

Those TMI wastes which are similar to routinely generated wastes are acceptable for disposal at

commerci31 shallow land burial sites.  Tヤ lese wastes include contaminated trash, some solldう fied
decontamination solutions, and some of t,,e EPICOR― II resins.

EPICOR― II first stage resins, however, c()ntain bulk activitSes of approximately 40 Cヽ /ft3 aS Op_
posed to O。 l to l Ci/ft3 fOr rOutinely gc!nerated resins.  Also, the EPICOR‐ II first― stage activity
,s essentially all Cs-137 and Sr-90, isotopes that have 30oyear halfolives,  Routinely generated

resins, on the other hand, primarily contain Co‐ 60 wSth a 5。 3‐year half-1lfe.  Because of the
higher concentrations and longer half-lives, EPICOR‐ II first‐ stage resins would require sol月 difi_
cation, or placement ,n a hi9h integrity container, prlor to disposal as well as special handling

operations and disposal procedures at coHllnercial disposal stttes,  The most practicable alternative

ts transfer these wastes to an ex,sting Federal government facilヽ ty for future prOcessing and
eventual disposal. 「 irst―stage 'on― exchtinge materi31 frOm the llcensee proposed system to process
the reactor building sump llquids wi「 吊 h3ive Cs‐137 concentrations of approximately looo cヽ /ft 3.
Wastes having these characteristics wキ li be unacceptable for routine sha1low iand burial.
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13.8.8.2 Foreknowledge of the Character ist ics of Unique Accident tJaste (32)

The staff  has reviewed mater ial ,  inc]uding documents and test imony of individuals,  as trel l  as pro-
and ant i-nuclear groups pertaining to the probabi l i t ies of severe accidents at nuclear power fa-
ci ' l i t ies. l {one of this mater ial  provides specif ic character ist ics of waste products that might be
generated during the post-accident cleanup to any great detail useful for the cleanup.

13.8.8.3 Possible Use of Salem Nuclear Power Faci l i ty as a Disposal Si te (48)

Radioact ive sol id wastes from the evaporat ion and the zeol i te/resin al ternat ives for processing
l iquids at l t l l  wi l l  have to be disposed of at  ei ther l icensed cornmercial  or government disposal
faci l i t ies, which have acceptable geologic hydrologic character ist ics for the disposal method
used. Cumently,  the only l icensed cormercial  d ' isposal faci l i t ies are located in Barnwel l ,  SC,
Beatty,  NV, and Hanford, lJA. The geologic/hydrologic character ist ics of the Salem si te (shal low
ground water table and oceanside locat ion) uould l ikely prevent i t  f rom being acceptable as a
disposal s i te for TMI wastes.

13.8.8.4 Access to Proprietary Data (53)

Under NRC regulat ions, NRC can obtain and use proprietary data affect ing safety reviews and pro-
vide protect ion of a f i rm's proprietary interests.  In rnst cases, commercial  f i rms freely re' lease
the information requested by NRC. For firms that do not release proprietary data freely, NRC has
subpoena power to obtain the information necessary to prepare safety reviews.

13.8.8.5 Decontaminat ion and Disposal of  Reactor Coolant Pumps anci l ' ' lotors (75)

The hazards of hand' l ing, t ransport ing, and disposing of al1 wastes, including the reactor coolant
pumps and mtors, wi l l  be considered to assure compl iance with NRC and DOT regulat ions.

13.8.8.6 Use of Metal  LSA Boxes (50)

Metal  LSA boxes are a viable a' l ternat ive to the use of rooden boxes, cost and avai labi l i ty being
cons i  derat ions.

1 3 . 8 . 8 . 7  C l a r i f i c a t i o n s  ( 7 5 )

The term "remedia l  act iv i t jes"  as used in the PEIS jntended to apply to the var ious c leanup act iv-
i t ies (other  than decontaminat ion)  current ly  in  progress at  T i4I .

The teym "current phase of operations" used in the PEIS relates to the work performed to date
(January 1981) a ' "  T l l I -2  in  decontaminat ion and other  c ' leanup operat ions as far  as the management
of the generated waste is concerned.

′
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13.9  RAD10LOCICAL EFFECTS

13.9。l  Releases & Effluents

13.9.1.l  Prudent ャs Zero_release Levels (125〕

A zero―release obseCtiVe is unattainable and does not provide usefu1 9uidance for establishing

guSdellnes or choosギng between alternatives.  It is more approprtate to choose those alternatives
that will minimttztt all of the env十 onmental impacts(nct suSt those that result from releases)

and hazards ずor all of the cleanup operations over the entire rleanup period and beyond.  The
best nethod is to:  (1) analyze and divide the overall cleanup project intc a series of opera―

tions and tasks that are not too strongly interdependent, (2) identify reasonable alternative

approこches for each, and (3)chooSe thOse alternatives foF WhiCh the envtronmental lmpacts and

hazards are Was low as reasonably achievable‖(札ARA)as the Cleanup proceeds. In many cases the

data needed for an informed judgement for a particular cleanup task 可 11l nct be available unt11

prlor cleanup tasks have been completed.  However, the compl,x situatlon and the llmited aTlount
of informaticn avaヽ lable requSre an approach ttn whヽch the experienced personel responsible for

the cleanup operations make many spectfic decistons.  The NRC will, of course, retain the right

to review and approve speciftc Plans as they are developed.

If the dose any ttndttvttdual receSves from a paFtiCulとr release were very small compared to the

doses for natural sources of radiatlon, tt would not be reasonable to undertake a ma50r expendi―
ture to further reduce the release.  The ‖ ALARA・・ concept used in the PEIS recognizes and deals

with such situtitionss the ・ Bzero―release・・ concept does not.

13.9.1.2  Present and Future Abundances and Locstions of Radionuclides (64, 74, 75, 79, 84, 85)

The total quantities of fission products and actinides in the TMI‐ 2 reactor at the tlme of the

accident, and for any subsequent time thereafter, are accurately known from detailed calculations

of the buildup and decay history of the individual isotopesc  Trittum, cestum and strontSum are

present in 3 places:  namely l)the primary cooling system, 2)the Reactor Containment Bu:ldSng

(RC8) Sump and 3, the EPICOR II resins (which rerloved the radionuclldes from the AFHB water).  In
addit→ on, there is stlll some tritium left in thc Processed AFHB water.  Rad村 onuclides are pres‐

ent in one of the following four forms:  1) a S01ute in water; 2) ・ ・
pl ateOuti・ on surfaces of the

cooling system or RCB sump, 3) sludge in the AFHB and the RCB sttmp and 4) suspens10n of fine

particles (about 5% of the sump concentrations).

In chapters 7 and tt a detalled mass balance is given showing the source and fヽ nal disposition

tWaSte forrl)of the radioisotopes in the RCS and the sump water, and also those rad,oisotopes
which entered the RCS during defueling.  The quantity of sludge, fllterable sollds and
‖
pl ateout'B, and the way ttn whttch it is tre3こed are discussed in SectiOns 5 and 8.

13.9,1.3  Best and Worst Cases of Processed Water Activity (13)

Esttmates of the concentrations of the rtldionuclldes irl the processed water are dependent on the

water treatment system(SectiOn 7.3.1.2)。

The best and worst case treatment systemt; were ldentified and usetl to characterlze processed

Reactor Bu1lding and Reactor Coolant System water.  The best case, which led to the effluent with

the lowest concer trations of contarFlinants, was the SDS/EPICOR II treatment system.  The wOrst

case, which led to the effluent with the highest concentrations of contaminants, was the SDS

troatment system.  These systems and oth(:r alternatives are discussed in Sectlor1 7 and

Appendix G.
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13.9 .1 .4  Resu l ts  o f  Reactor  Bu i ld ing  Purge Samples  (73)

Airborne part iculate samples, re ' leased during the purge of the TMI-2 reactor bui lding atmosphere,
were analyzed for gross beta act iv i ty by EPA and the l icensee. Al l  results were less than the
minimun detectable levels (0.1 pCi/ms of air  sampled for the EPA). NRC also est imated the Sr-90
and Cs-137 airborne part iculate radioact iv i t ies to be less than 0.06 uCi each in the TMI-2 reac-
to r  bu i ld ing  pr io r  to  purg ing .  .Fo l low ing  the  purge,  EPA per fo rmed rad iochemica l  ana lys is  fo r  the
combined f i l ters for stront ium-90, but those results are not yet avai lable.

13 .9 .1 .5  D ischarge o f  Kryp ton  (20)

Information regarding the purge of krypton from the TMI-2 reactor bui lding atmosphere is avai l -
able in a separate comprehens'ive environmental rev'iew NUREG-0654.

13 .9 ,1 .6  A l te rna t ives  fo r  D ' i spos ing  o f  Processed t ta te r  (85)

Sect ion 7 provides a detai led assessment of the al ternat ives for the control led re]ease of the
processed water,  including fac' i l i i ly,  ef f luent and radiological  doses under normal operat ion and
accident condit ions. Other potent ial  impacts such as psychological  stress and socioeconomic
inpacts are also addressed. , ,  

._
13 .9 .1 .7  Rad ioac t iv i t y  Leve ls  fo r  P : "ocessed Water  Re lease A l te rna t ive  (12 ,  72 ,  79)

At present,  the NRC has not authorized any al ternat ive for the release of processed accident
contaninated water from TI! I I -2,  including the al ternat ive for the control led release of processed
accident water into the Susquehanna River.  Should the NRC decide to authorize such release, i t
w i l l  ensure  tha t  the  l i censee imp lement  the  re lease in  a  cont ro l led  manner ,  accord ing  to  the
cond i t ions  ( techn ica l  spec i f i ca t ions)  and c r i te r ia  de termined by  the  NRC,  to  p ro tec t  the  pub l ic
health and safety and the environment.  In part icular,  the concentrat ion of radioact iv i ty in the
water at the nearest dr inking water intake downstream of TMI would be di ' luted to levels below EpA
Dr ink ing  Water  S t :ndards .  A lso ,  t l re  absorbed rad ia t ion  dose in  f i sh  and seafood in  the  r j ver  and
Chesapeake Bay area worr ' ld be an insignif icant fract ' ion of the normal ly occurr i  ng natura' l  back-
ground rad ia t ion  dose and shou ld  cause no  de tec tab le  b io log ica l  e f fec t .  (Sec t ion  7 .2 . )

13 .9 .1 .8  Add i t iona l  Process ing  o f  Decontaminated  Water  (52)

Process ing  o f  rad ioac t ive  waste  l iqu ids  wou ld  be  requ i red  to  fo l loy r  the  pr inc ip le  o f  ma in ta in ing
radioact ive mater ial  releases to as low a.s reasonably achievable (ALARA) levels.  Thus, when the
processing al ternat ive rneets the numerical  design object ives of Appendix I  to 10 CFR 50, as pro-
posed by the Staff  in Sect ion 1.6.3.2 and Appendix R, further processing of the processed water
would not be considered to be necessary. One al ternat ive discussed for the disposal of  processed
water is by forced evaporat ion via a heated pond. A suggest ion to consider such an evaporat ion" in  a  conta iner ,  w i th  f i l te red  vapor  vent ing ,  ( tha t )  wou ld  a l low re lease o f  essent ia l l y  no th ing
but  t r i t ium,  and wou ld  a l low non-vo la t i les  in  the  bo t tom water  to  be  so ' l id j f ied"  i s  ana logous to
considering an addit ional processing step for the processed water which already meets the ALARA
pr inc ip le .  Such add i t iona l  p rocess ing  is  no t  r :ons idered  to  be  necessary  and has  no t  been in -
c l u d e d  i n  t h e  d i s c u s s i o n .

1 3 . 9 . 1 . 9  F a c t o r s  f o r  R i v e r  D i l u t i o n  C o n s i d e r a t i o n s  ( 5 2 )

For  re leases  o f  long  dura t ion ,  i t  i s  poss ib le  to  re la te  the  s teady  s ta te  d i lu t jon  o f  Susquehanna
River  water  in to  the  Chesapeake Bay to  the  observed sa l in i ty .  See Sect jon  7 .2 .5 .4  fo r  a  more
deta i  led  d iscuss io r r .

13 .9 .1 .10  In te rac t ion  o f  Tr i t ium and 0 ther  Rad ionuc l ides  w i th  Sed iment  (46)

The behav io r  o f  t r i t ium in  the  r i ' . ' r  o f  t r i t ia ted  water  (HT0)  i s  p rac t ica l l y  iden t ica l  to  tha t  o f
ordinary water (Hr0).  Tr i t iu in does not sett ie and remain in sediment any longer than does the
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hydrogen in ordinary water.  0f  the environmental ly signi f icant radionuc' l ides which could be
released fron Tl , l I ,  only Cs-134 and Cs-137 interact strongly with sediments. In any event,  the
radiocesium would be present in much lower concentrat ions in the sediments of the Chesapeake Bay
than deposits due to other sources such as nuclear fal lout or rout ine releases from operat ing
nuclear plants.  The behavior of these nucl ides is discussed in Sect ion 7 and Appendix T.

13 .9 .1 .11  D is t r ibu t ion  o f  Rad ionuc l ides  in  R ' i ver  (13)

The calculat ions of radionucl ides in the Susquehanna River and Chesapeake Bay have been revised.
Ca lcu la t ions  o f  rad ionuc l ide  concent ra t ions  in  f i sh  f lesh  near  TMI  cons ider  the  l im i ted  f low o f
the center channel of  the Susquehanna River.  Radionucl ides wi l l  be completely mixed at the
pcints in the r iver where dr inking water suppl ies are taken, for the reasons given in Sect ion 3.
An analysis of radionucl ide concentrat ion in f ish near TMI appears in Sect ion 7.2.5.4.

1 3 . 9 . 1 . 1 2  E f f e c t  o f  S e d i m e n t  i n  R a d i o n u c l i d e  D i s t r i b u t i o n  ( 2 L , 6 4 , 7 4 , 7 5 , 7 9 ,  8 5 )

The importance of sediment on the radioecology of the Susquehanna River and Chesapeak Bay is
discussed in Sect ion 7 and Appendix T. 0f  those radionucl ides interact ing w' i th sediment,  the
most radio' logical ly important are Cs-134 and Cs-137. A conservat ive calculat ion of the effects
of sediment on the transport  of  radiocesium released from the Peach Bottom Nuclear Plant was
performed in Appendix T..  This calculat ion is based on measurements of Cs-134 and Cs-137 jn sedi-
ment and fish of Conowingo Pond and the upper Chesapeake Bay. The staff estimates that no more
than 12 percent of the radiocesium re' leased from the Peach Bottorn Plant became associated with
the sediment.  The effects of sediment on the radioecology of the Susquehanna River and
Chesapeake Bay wi ' l l  therefore be minor.  Gross (1978) est imates that sediment is eroded from the
Susguehanna River for f ' lows of 400,000 cfs or greater.  Flows of this magnitude would have a
recurrence interval  of  about six years. Di lut ion of resuspended sediment would be great for such
large f lows.

13.9.1.13 Locat ion in River/Bay i . lhere Radioact iv i ty Can Be Detected (42, 52)

Except in the immediate v ' ic ini ty of TMI-2, i t  is unl ' ikely that any radioact iv i ty released from
TM! wi l l  be detectable in the Susquehanna River or in the Chesapeake Bay above natural ' ly occurr-
ing levels caused by nuclear fal lout or normal releases from other nuclear plants.  See Appen-
d i x  T .

13 .9 .1 .14  Re lease Es t imates  f rom Trash Inc inera t ion  A l te rna t ive  (83)

Release est imates from trash incinerat ion are provided in Sect jon 8.

13 .9 .1 .15  Source  o f  Tr i t ium in  Sample  l , le l  l s  (69)

Tr i t iun  has  been de tec ted  in  sample  we l ls  a t  the  TMI-2  fac i l i t y .  The l j censee and NRC be l ieve ,
from the isotopic analysis results and from the locat ion of the samples, that the leaks were from
the valves of the outdoor Borated Water Storage Tank, and not the reactor bui lding. The l icensee
has a cont inuing progran to monitor and rect i fy the source of leaks.

13 .9 .1 .16  Rad ioac t iv i t y  Re leases  f rom TMI  Pr io r  to  the  Acc ident  (10 i )

The radioact iv i ty eff luents from TMI were monitored and reported to the NRC in compl iance with
the  requ i rements  o f  the  T l1 I  techn ica l  spec i f i ca t ions .  The o f fs i te  rad ia t ion  doses  dur ing  the
period pr ior to the accident were within the regulatory i imits of 10 CFR Part 20 and met the
numerica' l  design object ives of Append' ix I  to 10 CFR Part 50.

13 .9 . I .L7  Unp lanned Re leases  Pr io r  to  the  lMI -2  Acc ident  (99)

There were no unplanned releases reported to the NRC by the TMI-2 faci l i ty pr ior to the March 28,
1979, accident.
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13.9 .1"18  Rad ioac t iv i t y  Re leases  S ince  the  Acc ident  (60 ,  100)

Since the accident,  the only signi f icant release of radioact iv i ty was the control led purging of
Kr-85 from the reactor bui lding. The total  amount of Kr-85 released was about 43,000 Ci.  "Mini-

vent ings" may be required as long as radioact ive waste water remains in the reactor bui lding
unprocessed. This requirement is adressed in Sect ions 4 and 6.

13 .9 .1 .19  Re leases  o f  Rad ioac t iv i t y  to  R iver  f rom 0 ther  Fac i l i t ies  (107,  L12,20)

The EPA Orinking I ' later Standards apply at the pioint of  dr inking water distr ibut ion regardless of
the number of sources of discharge. Therefore, safety of the drinking water is assured. In
addit ion, the NRC subscribes to the EPA 40 CFR 190 requ' i rement on rad' iat ion result ing from the
nuclear fuel  cycle, which includes the radiat ion dose received from al l  pathways, i .e. ,  airborne,
l iqu id ,  and d i rec t  rad ia t ion ,  and wh ich  inc ludes  cumula t ive  rad ioac t ive  re leases .

13.9.1.20 Precedents for Radioact ive Liquid Releases from 0perat ' ing Reactors (115)

Precedents have been establ ished for the release of radioact ive water into r ivers. Normal oper-
at ing eff luents are current ly being released into the Susquehanna River and other bodies of wa-
ter.  For example, the average amount of t r i t i tm released from a normal generat ing unit  of  TMi-2
size is 400-500 curies/year.  These planned releases are l imited by the condit ions of the operat-
ing l icense and must be reported to the NRC on a periodic basis.

The guidel ines on these releases are such that the effects on f ish, wi ldl i fe and, ul t imately,  man
are  in  compl iance w i th  the  l {RC des ign  ob jec t ive  o f  l im i t ing  exposure  to  "as low as  is  reasonab ly
ach ievab le . "  In  the  case o f  l iqu id  e f f luen ts ,  the  to ta l  annua l  quant i t y  o f  l iqu id  e f f luen t  rus t
be  such tha t  a  ca lcu la ted  dose to  an  ind iv idua l  in  an  unres t r i c ted  area  is ' less  than 3  mi l l i rems
to the whole body or 10 mi l l i rens to any organ.

13 .9 .1 .21  Tr i t iun  Ef f luen ts  and Re leases  (83)

The d iscuss ion  o f  t r i t iun  evapora t ion  dur ing  de fue l ' ing ' i s  g ' i ven  in  Sec t ion  6 .  Tr i t ium in  the
form of water vapor would be released into the reactor bui lding from the spent fuel  pool and
transfer canal.  The evaporat ion rate would depend on the surface area of the pool and transfer
canal (both of whjch are known) as wel l  as on the humidi ty in the reactor bui lding. The expected
tr i t iun concentrat ion in the reactor bui lding is not a health hazard to workers in the reactor
bui ldinq. Any release by puroing to the atmosphere would be careful ly monitored and kept within
regul atory I  imits.

L3 .9 .1 .22  Data  on  Tr i t iun  Ef f luen t  Es t imates  (13)

The al ternat ive of discharge to the r iver along with the radionucl ide inventory of the processed
water  inc lud inq  t r i tum ' i s  p resented  in  Sec t ion  7 .2 .

Di lut ion factors of 3400 are required for the radiological  constraints and 3500 under the NPDES
cr i te r ia .  S ince  34 ,000 gpm o f  d i lu t ion  water  f rom coo l inq  tower  b lowdown is  ava i lab le  and a  to -
ta l  o f  140,000 gpm o f  d i lu t ion  capab ' i l i t y  i s  ava i lab le  f rom o ther  equ ipment  on  s i te ,  d ischarge
rates can be var ied to sat isfy Appendix I  re ' lease l imits at the discharge point,  Pr imary Drinking
l. later Standards at a downstream uptake for dr inking water and the NPDES l imits.  The di lut ion
tha t  sa t is f ies  the  most  I  im i t ing  o f  these c r i te r ia  w i  I  I  be  used i f  th js  a l te rna t ive  is
impl emented.

I3.9.L.23 tJater Treatment at Intake (100)

The municipal  water treatment processes at the point of  potable water intake do not of themselves
necessari ly change the radionucl ide concentrat ions in the r iver water.  Should the al ternat ive of
control led release of the processed accident water to the r iver be chosen, the contro' l  at  the



13-59

discharge is the npst ef fect ive way to keep radionucl ide concentrat ions at intakes below EPA
Drinking l later Standards. This al ternat ive along with others are ful ly descr ibed in Sect ion 7.2-
The staff concludes that processing alternatives exist such that if the processed water is per-
mit ted to be dispersed by control led release into the r iver,  the change in the radionucl ide con-
tents in potable water der ived from downstream r iver water would be negl igible.

13.9.1.24 Total  Radionucl ide and Concentrat ion (100)

The PEIS presents concentrat ions of radioact iv i ty measured in yCi/mL as wel l  as the total  radio-
act iv i ty in cur ies. Both units are used, depending on which are most appropriate for the topic
under discussion. For example, when discussing the eff ic iency of a cleanup al ternat ive or envi-
ronmental  pathways to man, i t  may be more important to give the radioact iv i ty concentrat ions. 0n
the other hand, when discussing the radioact ive waste l iners and conta' iners that have to be dis-
posed of,  the total  radioact iv i ty (Ci)  may be a signi f icant concern.

13.9.1.25 Cumulat ive Doses from Events at TMI-Z (100)

The impact of the accident can be found in numerous other reports assessing the accident,  for
example, I {UREG-0558, "Populat ion Dose and Hea' l th Impact of the Accident at the Three Mile Is land
Nuclear Stat ion" publ ished by the NRC in May, 1979. The radioact iv i ty releases pr ior to the
accident from Tl l I  were wel l  within the technical  specif icat ion l imits.  l . lhen the l icensee makes a
cleanup proposal,  the review of the proposal wi l l  include the potent ial  cumulat ive health effects
to the worker and the publ ic which rould result  f rom that proposal.  This PEIS has bounded these
doses for the cleanup, which are summarized in Sect ion 10.2 and 10.3.

13 .9 .1 .26  A i rborne  Ef f ' luen ts  (32 ,  55 ,  73 ,  83 ,  100,  116,  120)

The s ta f f ' s  es t imate  o f  the  re lease o f  rad ioac t ive  mater ia ls  f rom c leanup ac t iv i t ies  to  the  env i -
ronment considered several  things, including: 1) the fract ion of processed mater ial  that becomes
airborne, and 2) the fract ion of airborne,nater ial  that passes through an air  c leaning system
wi thout  be inq  co l lec ted .  A  br ie f  d iscuss ion  o f  the  a i r  c lean ing  sys tem,  inc lud inq  HEPA f i l te rs ,
is presented here to explain the staff 's assumptions.

Tr i t iun is an isotope of hydrogen that has chemica' l  propert ies l ike hydrogen. Thus i t  combines
with oxygen to form a molecule simi lar to that of  HrO, but that retains the radioact iv i ty of the
t r i t ium.  t ' l hen  the  water  i s  evapora ted ,  a l i  water  mo lecu les ,  inc lud ing  those w i th  t r i t ium,  ex is t
in a gaseous state. And, l ike other gases, they pass through a f i l ter system. 0ther f ission
products (and act inides such as pluton' i t rn or uranium) exist  in the process rvater as dissolved
const i tuents. lJhen the water is evaporated, the dissolved const i tuents stay behind in the re-
maining l iquid. The evaporated water in the gaseous state contains none of the radjoact ive con-
st i tuents and passes through a f i l ter system unchanged. Evaporat ion is thus an effect ive method
for  separa t ing  bu lk  water  f rom a  so lu t ion  conta in ing  d isso lved rad ioac t ive  cons t i tuents ,  bu t  i t
i s  to ta l l y  ine f fec t i ve  fo r  separa t ing  t r i t ium.  Th js  d i f fe rence in  behav io r  must  be  recogn ized in
est imating radioact ive releases. ,

However,  evaporat ion, as i t  is conducted in plant operat ' ion, ' is not a perfect operat ion. Evapo-
rat ion act ion creates turbulence at the surface which results in the formation of smal l  droplets
o f  water  tha t  a re  phys ica l ' l y  en t ra ined in  the  r i s ing  vapor .  The r i s ing  vapor  conta ins  on ly  t r i -
t ium,  no  d isso lved rad ioac t ive  mater ia ls ;  the  en t ra ined drop le ts  conta jn  bo th  t r i t ium and d js -
solved radioact ive mater ials.  In a wel l -designed evaporator,  the fract ion of the total  vaporized
mater ial  that exists in the form of entrained l iquid droplets seldom exceeds I  x 10-s. This
f igure then forms the base for est imating how much dissolved radjoact iv i ty appears in the vapor
s t ream.  Fo l low ing  condensat ion ,  most  o f  the  en t ra ined rad ioac t iv i t y  appears  in  the  condensate
with a srnal l  quant i ty remaining wi ih the uncondensed vapors. About 1 x 10-3 of the radioact iv i ty
in the condensate remains in the unconclensed vapors. Thus, less than 1 x 10-8 of the ini^uial
radioact ive mater ial  remains in uncondernsed vapor.
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0ther processing operat ions are general ly Iess energet ic and less turbulent than evaporat ion. In
ion-exchange operat ions, process I iquids are pumped in closed pipes through an ion exchange col-
umn. The f luids are relat ively free of substant ial  turbulence. However,  even in these opera-
t ions, a fract ion of the process l iquids ( less than for evaporat ion) may form smal l  droplets that
are physical ly entrained into surrounding airspaces, and are subsequent ly trar isported by the
process off-gas system to the air-cleaning system. En route, the l iquid droplets evaporate,
leaving the dissolved radioact iv i ty as a sol id aeroso' l  in the air  stream. Entrainment for this
kind of operat ion seldom exceeds I  x 10-t{  of  the processed l iquid and becomes airborne and enters
the process off-gas streams. This value is conservat ive when compared with the information pre-
sented above and is compatible with data obtained from the processing of . t ruclear fuels.  The
Iatter consists of a ser ies of many individual operat ions, some of which are far more corplex
than the few relat ively simple operat ions envisioned for Three Mile Is land.

The heart  of  the air  c leaning systsn that pertains to the removal of  part iculate matter is the
HEPA f i l te r .  In  the  PEIS,  a  penet ra t ion  f rac t ion  o f  1  x  10"3  was used fo r  ca lcu la t ing  e f f luen ts
and re leases  th ru  the  HEPA f i l te rs ,  a  va lue  tha t - i s  conserva t ive  re la t i ve  to  ach ievab le  va lues .

The fa i lu re  o f  a  s ing le  HEPA f i l te "  *u ,  cons idered as  a  c red ib le  acc ident  in  the  pEIS,  tha t  i s
why the staff  requires two in ser ies. The re' leases of a faci l i ty are constant ly monitored with
appropriate instrumentat ion. Fai lure of a HEPA f i l ter would be evidenced by an increase in re-
leases by the monitor ing sytem and would algrt  operat ing personnel to take correct ive act ion.
The fai lure would have no effect on the funct ioning of the second f i l ter in ser ies with the
f i rst ;  thus containment integri ty for the system would be ma' intained, but at  a reduced level.
The design of the monitor ing sytem detectors is such that the fai lure of a s ' ingle f i l ter is de-
tec ted  w i th in  15  minu tes .  No fa i lu res  occur red  dur ing  EPICOR- I I  p rocess ing  o f  con taminated
waters.

L3.9.1.27 Potent ial  for Airborne Releases from Fire (73)

The potent ial  impact of f i res considered to be even remotely credible has been addressed in
appropr ia te  sec t ions  o f  the  PEIS.  An acc identa l  f i re  invo lv ing  res ins  o r  spent  fue l  i s  no t  con-
sidered to be a credible event.  l 'he resjns are contained in sealed steel l iners, which are
t rans fer red  to  the  ons i te  waste  s to rage fac i l i t y  in  a  s tee l  and lead cask .  The s to rage fac i l i t y
consists of modules with thick concrete wal ls,  and a 15-ton sealed concrete cover over each cel l .
The water is drained from the resins pr ior to storage, but they remain wet ( ' l ike wet sand).  In
such a  cond i t ion  ign i t ion  and combust ion  is  h igh ly  un l i ke ly .

The nuclear fuel  cannot sustain combust ion, and the spent fuel  is stored in water,  r+' i . th double
conta inment  used dur ing  t ranspor ta t ion .  F i re  invo lv ing  spent  nuc lear  fue l  i s  cons idered inc red i -
ble under the condit ions at TMI.

Combust ib le  mater ia ls  and f lu ids  a re  cont ro l led  admin is t ra t i ve ly  to  assure  tha t  nuc lear  fue l  o r
res ins  w i l l  no t  be  invo lved in  a  f i re .  In  add i t ion ,  f i re  cont ro l  equ ipment  i s  ava j lab le  on  s i te .

13.9.2 0ccupat ional Doses and Health Effects

L3.9.2.1 Doses to I ' lorkers (4, 32, 78, 115, 116, 120)

Occupat ional doses for c leanup operat ions were est imated by the s+-aff  based on experience gained
fron unrk done in the past which include parameters such as:

r  The manpower requ' i red to complete each task,

The rad ia t ion  f ie ld  in  wh ich  the  work  i s  l i k ,e ly  to  be  done,

The e f fec t i veness  o f  sh ie ld ing  and o ther  rad ia t ions  pro tec t ion  techn ique,

Optimal use of personnel to minimize overal l  personnel exposure.

1
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The est imates have been conservat ive, mainly due to conservat ive est imates of radiat ion f ie ld and
manpower required to complete tasks. The est imating process has proven to be reasonably rel iable
for work done in the auxi l iary and fue' l  handl ing bui ld ' ing.

The auxi l iary and f inal  handl ing bui lding exposure experience has been factored into the est i -
mates for the reactor bui lding.

The total radiation exposure through September 1, 1980, for the unrk effort in decontaminating
the AFHB is given as 146 person-rem in Sect ion 5.1.5.1. These values u,ere obtained from analysis
of personnel dosimetry records.

Current radiat ion protect ion standards for occupat ional exposure have been developed over the
past 50 years. Most of the radiation standards were first proposed by the National Council on
Radiat ion Protect ion and Measurements (NCRP). 0ther organizat ions which have undertaken evalua-
t ions of radiat ion exposure standards, part icular ly with respect to the cancer and genet ic ef-
fects,  include the Nat ional Academy of Sciences ( l {AS}, the l ' fedical  Research Counci l  (MRC) and the
Internat ional Commission on Radiat ion Protect ion ( ICRP). In January L957, the NCRP recommended a
maximum permissible dose of 5 rem per year for radiat ion workers. There is much information to
show no effect on humans exposed to 1-15 rem per year. Therefore, it has been the judgement of
the I{CRP that the potent ial  r isk from a S-rem per year occupat ional exposure is smal l .  l lowever"
the NRC recognizes that the standards are based upon current ly avai lable information and should
not be regarded as permanent.  Accordingly,  i t  has required that exposure to radiat ion be kept at
the 

' lowest pract icable level when and wherever possible.

The l icensee is required to ensure that the occupat ional doses that i ts radiat ion workers incur
are as far below those specif ied in radiat ion protect ion regulat ions as reasonably achievable.
I ' lhole body exposures are monitored and recorded, and in si tuat ions where exty.emity (e.g.,  hand)
doses can be higher than whole body doses, these extremity doses are also monitored and recorded.
The I icensee's radiat ion protect ion plan includes engineered safeguards and personnel access
control  to ensure protect ion from unnecessary and/or excessive inhalat ion of radionucl ides. Re-
spiratory protect ion. is implemented whenever necessary. In this regard, air  sampl ing is also
performed to determine thelevel of  any a' i rborne contaminat ion and document the adequacy of the
engineered safeguards. In addit ion, provis ' ion is made for rout ine bioassay samples on an appro-
pr iate schedule for the radiat ion workers and prompt sanpl ing and evaluat ion in the case of a
suspected radionucl ide intake. Blood cel l  counts are not general ly taken because changes jn cel l
counts occur only fol lowing relat iveiy large over-exposures. The exposure rates associated with
cleanup unrk at TMI-2 have not and would not be of this nature.

73.9.2.2 Radiat ion Levels for Workers After Shielding (50)

The est imated radiat ion levels are for worker exposure after precaut ions such as shielding and
remote operations have been 'incorporated. However, these levels do not represent surface read-
ings for f i l ter cartr idges or other components which may have local ized areas of higher radiat ion.

13 .9 .2 .3  Average Rad ia t ion  F ie lds  fo r  Workers  (50)

The 10 mR/hr dose rate is not an average useld for al l  PEIS cleanup act iv ' i t ies. I t  is,  however,
appl ied to al l  act iv i t ies associated with reactor vessel head and internals rgnoval and defuel-
ing .  Based on  cond i t ions  found in  the  conta inment  bu i ld ing  dur ing  the  reac tor  bu i ld . ing  en t r ies
and decontaminat ion achieved at other nuclear fac' i l i t ies, when the reactor bui lding sunnp and
basement have been drained and l inr i ted cleanup completed, average exposure levels of 10 mR/hr are
be l ieved to  be  ach ievab le .  Averaqe rad ia t ion  f ie lds  a re  d i f f i cu1 t  to  es t imate ;  however ,  there  is
a general  tendency to over-est imate.

L3 .9 .2 .4  Rad ia t ion  Pro tec t ion  P lan  (115)

A radiat ion protect ion plan to ensure radiat ion exposure to cleanup workers are below regulatory
l imits and to keep those exposures as low a:;  reasonably achievable (ALARA) has been submitted by
the l icensee to the NRC staff  for review ancl approval.
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13.9.2.5 Radiat ion Dose Est imates to l ' lorkers for Cleanup Alternat ives (108)

Potential occupational radiation exposures to cleanup workers are evaluated for every cleanup
alternat ive discussed in the PEIS. The potent ial  health effects of worker exposures are sunma-
rized in Section 10 of the statement.

13.9.2.6 Airborne Radioact iv i ty Levels During I ' later processing (55)

Hater processir ,ag Hould take place inside enclosed systems. Although the airborne eff luents pr ior
to treatment by HEPA f i l ters may exceed I 'PC levels,  these eff luents wi l l  not be exposed to bui ld-
ing air  e 'd should noi cause the airborne radioact iv i ty levels outside of the system to exceed
MPC levels.

L3.9,2.7 l {orker Exposure Est imates for Reactor Coolant Sampling (32)

lJorker exposure is est imated to be 20-30 mrem per sample whi le taking reactor coolant samples.
I t  is recognized that dur ing the accident,  taking coolant samples reiul ted in some over-
exposures. However,  the radioact iv i ty levels of reactor coolant are now orders of magnitude
lower than those during the accident because of substant ial  decays of shorter hal f- l i fe radio-
isotopes. Other factors also contr ibuted to the high exposures when the sanples were taken dur-
ing  the  acc ident ,  e .9 . ,  u rgency  o f  the  s i tua t ion ,  h igh  area  rad ia t ion  Ieve ls ,  lack  o f  rad ia t ion
shielding and proper radiat ion protect ion procedures. These condit ions which existed during the
snergency sampling have been corrected and vould not be expected to recur during the cleanup.

13.9.2.8 0ccupat ional Dose Records (69, 114, 115)

Quest ions were raised regarding records of occupat ional doses. The NRC requires al l  i ts I icen-
sees to maintain conplete radiation exposure records of its employees. l.lhenever an employee
joins a l icensee, the l icensee is required to obtain a record of the new employee,s exposure
history. Such a record is usual ly obtained by request ing exposuie records from the employee's
former mrk places. At TMI, the cumulat ive occupat ional dose information is entered into the
Radiat ion I ' lork Permits of each cleanup worker for entry to radiat ion areas. The l icensee has a
computer program to record the cumulat ive occupat ional doses. This information ' is updated by the
TLD dosimeter readings of each cleanup worker and is maintained for both regular and transient
workers on a permanent basis.  Nonoccupat ional doses, e.g.,  medical  expcsures, are not recorded.

13.9.2.9 Cancer Rates and Exposures for Horkers (125)

The staff  uses wel l  documented and accepted r isk est imators in evaluat ing health effects.  The
staff  est imates of the health effects occurr ing to the occupat ional work force, ( the targest
environmental  inpact ident i f ied) would indicate a very smal l  increase in the cancer rate that
would normal ly be experienceci due to causes other than occupat ional radiat ion exposure.

13.9.2.10 Doses to l , lorkers and Effect on Gene Pool (67)

Radiat ion protect ion standards for radiat ion unrkers are higher than for the general  publ ic.
However,  radiat ion workers are a sma' l l  f ract ion of the populat ion, so their  contr ibut ion to the
total  genet ic pool is proport ionately smal l .  Radiat ion standards are designed to l i rn ' i t  any in-
crease in overal l  mutat ion rate in the total  genet ic pool to very smal l  f ract ions of the normal ly
occurr ing rate. Since radiat ion workers make up only a smal l  f ract ior of  the general  populat ion,
radiat ion doses for them can be sonewhat higher than for the general  populat ion without causing a
large increase in overal l  mutat ion rates. I t  should be noted that many industr ial  processes
other than trork involving radiat ion also €xpe5s workers to mutagens.

13.9.2.11 l' lealth Effects from Doses to l' lorkers (34, 50)

In sect ion 10.2.2, the est imate of 131 fatal  cancers per one mil l ion person-rem is for people in
the worker age group. The cleanup unrkers involved const i tute the assessed populat ion. The
135 fatal  cancers per one mil l ion person-retn is based on a l i fet ime in the general  populat ion.
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13.9.2.L2 Occr.rpat ional Doses Due to Tr i t iun (79, 85)

processed water containing tritiun has been used in decontamination at Tt'lI-2 to reduce the volume

of tritiated water that must be stored for eventual disposal. There is an occupational exposure

associated with the use of the tritiated water.

pr ior to the use of processed (tr i t iated) water in the water jet  for the auxi l iary and fuel han-

dl ing bui lding decontaminat ion, tests were conducted by the l icensee to determine the tr i t ium

Ievei in the atmosphere. These tests were done with l i t t le vent i lat ion and indicated that the

tritim level in the atmosphere during the use of the water iet was approximate'ly 10* of the

allowable airborne concentration (10 CFR 20). The water iet tests are expected to be bounding

on airborne tr i t ium concentrat ions; other act iv i t ies, such as wet mopping or hose washing, are
expected to have lower airborne concentrat ions. During future act iv ' i t ies, monitor ing of airborne
tr i t iun wi l l  be done as appropriate.

l,Jhen compared to the estimates of the occupational dose due to the radiation fields produced by

the contaninat ion on the surfaces, the dose from tr i t ium would be a smal l  increment in the est i -

mate of the occupational dose incurred during the decontamination efforts.

13.9.2.13 Radiat ion Exposure from t ' laste Storage Faci l i ty (100)

The exposure rate indicated in the PEIS for the waste storage faci l i ty is less then 0.5 mR/hr at

the faci l i ty boundary, not the si te boundary. The si te boundary and personnel working areas are

wel l  removed from the waste storage faci l i ty boundary. The radiat ion levels at the si te boundary

wi l l  be  main ta ined w i th in  regu la to ry  l im i ts .

13.9.2.14 Effect of  Schedule on Occupat ional Exposures (115)

An extension of schedule' in i tsel f  does not necessari ly imply that the level of  ef fort  has in-

creased, or that personnel doses or total  dose wi l l  increase. An extension in schedule may have

many causes and those that have occurred at Tl4I have generally been because of the need for li-

cenling approvals and extra time spent to assure that the best approaches are used. Problems

have been encountered which have caused delays, but these have not general ly increased total  or

individual rorker exposures. In fact,  even though manpower est imates have jncreased, experience

at Tl I  has shown that exposure values have general ly compared wel l  with predict ions.

13.9.3 Offsi te Doses & Health Effects

13.9 .3 .1  0 f fs i te  Dose Cr i te r ia  (20 ,  85 ,  52 ,  80 ,  64)

l0 CFR part  50, Appendix I  requires that reactors be designed so that the annual dose commjtment

to the maximun exposed individual of fs j te does not exceed 5 mrem total  body or L5 mrem skin dose

for gaseous releases. Dose predict ions made pr ior to the Kr-85 purge indicated that the Appen-

dix i  design object ives would not be exceeded during the purge. l t4onitor ing durinq the purge

process conf irmed that the dose predict ions were conservat ive. 10 CFR Part 50'  Appendix I  also

requires that reactors be designed so that the annual dose cormitment to the maximum exposed
individual of fs i te not exceed 3 mrem for l iquid pathways. Dose est imates made in this PEIS indi-

cate that over the course of the ent ire dercontaminat ion process, including the discharge of pro-

cessed water to the r iver,  i f  proposed and authorized, feasible al ternat ives exist  such that the

Appendix I  dose cormitment through l iqu' id pathways wi l l  not be exceeded. Cri ter ia regardi 'ng off-

s i te doses recorrnended for the clearrup operrat ion are descr ibed in Sect ion 1.6. These cr i ter ia

wi l l  assure that the releases are made in such a manner to conform to the Appendix I  design

object ives.
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:.3.9.3.2 offs i te Dose to be Kept as Low as Reasonably Achievable (ALARA) (52, 109)

The doses that wi l ' l  occur as a result  of  the cleanup operat ion are summarized in Table 10.3-1.
The ntmeric values in this table are bel ieved to be corrservat ive and represent upper bound values.
The basis for this conservat ion is descr ibed in Anpendix l , l  of  the PEIS. As described in the PEIS'
the basis used in approving programs wi l l  depend part ly on the success of ear l ier programs in
meeting the ALARA principle (10 CFR 20).  Further,  the l icensee wi l l  be required to periodical ly
report  to t{RC est imates of of fs i te doses result ing from the decontaninat ion operat ions. I f  a
progrdn is result ing in offs i te doses signi f icant ly larger than or iginal ly est imated, the NRC can
require modif icat ion as appropriate.

13.9.3.3 Dose Est imates for Future Cleanup Alternat ives are Project ions (20)

The dose est imates in the PEIS for future cleanup al ternat ives are project ions because the re-
leases have not yet been made. Actual measurements will be made when releases occur. A sunmary
of the projected est imates and the assocjated potent ial  r isk probabi l i t ies can be found in Sec-
tion 10 of the statement.

13.9.3.4 Comparison of Cleanup Impacts with 0ther Sources (116)

Sect ion 10.3 provides addit ional information on the comparison of r isks of the cleanup with other
types of human activity.

13.9.3.5 Comparison of Cleanup Doses to Background Radiat ion (99, 100)

The potent ial  of fs i te radjat ion doses result ' ing from cleanup act iv i t ies and the natural l -v occur-
r ing background radiat ion nere conpared to i l ' lustrate the relat ive signi f icance of radiat ion doses
result ing from the cleanup. I t  was suggested that the comparison should be made because of the
dif ferent exposure pathways and types of radiat ion involved. Potent ial  health effects from whole
body dose or dose to certain organs are independent of the pathway. The dose conversion factors
used in the assessment were based on the di f ferent radioisotopes and types of radjat ion involved.
The result  t ras an equivalent ef fect ive dose value.

13.9.3.6 Dose to Maximumly Exposed Individual Considered {60)

The dose est imates discussed in the PEIS represent the potent ial  dose to the maximumly exposed
individual,  as wel l  as the average dose to the populat ion from the cleanup al ternat ives. A dis-
cussion of the models and the methods used to calculate these values are provided in Appendix l lJ

to the PEIS.

13 .9 .3 .7  Of fs i te  Locat ions  and Rad ia t ion  Doses  (67)

The o f fs i te  dose ca lcu la t ion  o f  a  few mi l l i rem as  a  resu l t  o f  a l l  c leanup ac t iv i t ies  i s  es t imated
for the individua' l  residing at the most cr i t ical  locat ion. ! t  has been suggested that the farther
away from the TMI si te,  the better of f  the individual may be. This,  however,  needs to be qual i -
f ied, because i t  rrould depend on where ther individual goes. Natural  background radiat ion levels
in the U. S. vary considerably ( fr in 70-310 nrrem/yr),  and in many locat ions in the U. S.,  the
background radiat ion rrnuld be higher by more than the few mil ' l i rems which wou' ld result  f rom the
cleanup p' lus the natural  background radiat ion (11.6 mrem/yr) at  the cr i t jcal  locat ion near TMI.

13 .9 .3 .8  0 f fs i te  Dose F luc tua t ion  Ranges (32)

The actual of fs j te monthly dose rate coulcl  be di f ferent from the values calculated because the
calculat ions are based on annual average condit ions. The di f ferences would not be expected to be
greater than a factor of " four" which is trcceptable for these low dOses.
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The background radiat ion levels reported in the PEIS do not include man-made radiat ion exposures,
such as radlat ion exposures due to medical  diagnosis.  In addit ion, i t  has been found that the
radioact iv i ty releases due to nuclear power generat ion are not signi f icant enough to impact on the
average range of background radiation 'levels 

reported.

13.9.3.9 Offsi te Contaminat ion from Cleanup (37)

The l{RC appreciates the concerns of people who live in communities around TMI, and agrees that the
benef i ts of nuclear power would be quest ionable i f  nuclear waste did result  in widespread contar i-
nat ion of farm lands or ci t ies. However,  water,  air ,  and vegetat ion are being monitoreJ and there
is no evidence of contaminat ion which would cause radiat ion doses which are more than a very smal l
f ract ion of the dose from natural  background radiat ion (due to natural  radioact iv i ty in soi i ,
water,  air ,  the hunan body and from cosmic radiat ion).  Also, instrumentat ion is avai lable with
which radioact iv i ty can be traced and measuret l ,  so contaminat ion in the environment would be
detected and mit igat ive act ions taken long before i t  could become a ser ious problem,

13.9.3.10 Drinking Water Standards and Immersion Dose (61, 72, 79)

In addit ion to the reference to Drinking t later Standard, the cleanup operat ion also has to meet
the numerical  desiqn object ives in Appendix I  to 10 CFR Part 50, which state that the dose to an
individual of fs i te should not exceed 3 mrem total  body through al i  I ' iquid pathways. This would
include the dose frorn bathing and other use of the Susquehanna River for recreat lonal purposes.
In the PEIS, the dose est imates consider al l  the major pathways.

The assessment in the PEIS is based on calculat ions of radioact iv i ty concentrat ions in the water
and the potent ial  radiat ion dose to the maximumly exposed offs i te individual.  The conclusions in
the PEIS are based on these dose pathway calculat ions, and not on the EpA Drinking Water Standard,
al though neet ing the standard would be a condit ion to be considered for processed water release.

13 .9 .3 .11  Ca lcu la t ion  o f  Dose f rom Dr ink ing  Water  (S0,  52 ,  55 ,  g5)

Ooses are calculated.for the nearest downstream drinking water intake at pp&L,s Brunner Is land
Stat ion approximate' ly f ive mi les downstream. &r average r iver f low of 12,600 cfs is used for
di lut ion. Calculat ion models and parameters used in est imating these doses are discussed in Ap-
pendix l '1.  The assurpt ion that the eff luents wi l l  be wel l  mixed at the dr inking water intake j i
cons idered to  be  rea l i s t i c .

13 .9 .3 .12  Dose Rate  a t  S i te  Boundary  (52)

Proposed cr i ter ia to adopt Appendix I  would require offs i te doses due to airborne releases to be
less than 5 mrem/yr whole body dose and less than 15 mrern/yr skin dose. Doses due to l iquid path-
ways would have to be below 3 mrem total  body dose. The direct radiat ion level at  the fence
surrounding the inter im storage and staginr3 faci l i ty wi l l  be less than 0.5 mrem/h. The direct
radiat ion level at  the si te boundary wi l l  be substant ial ly smal ler because of decrease due to
d i stance.

13.9.3.13 Tr i t i r , rm Dose through Liquid Pathways (66)

Tri t iun has i ts pr imary importance in the dr inkinq water pathway as opposed to the f ish consump-
t ion pathway because the f ish only equi l ibr iate with the tr i t ium concentrat ions in the water and
do not concentrate this radionucl ide. The concentrat ions of t r i t ium in lhe f isn would be the same
as in the dr inking water.

13 .9 .3 .14  Er rors  in  Dr ink ing  l . la te r  Ca lcu la t ions  in  Dra f t  pEIS (75)

The staff  has completely revised the calcul lat ions on dr inking water doses, incorporat ing new
information made avai lable by the l icensee and other sources. These calculat ions are indicated jn
Appendix I ' l  and the results are indicated irr  Sect ion 7,2.
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13.9.3.f5 Envirormental  Impact During Normal Power Operat ion (46)

The staff  concludes in this PEIS that the cleanup at TMI Unit  2 could be accomplished with offs i te
radiation doses to the public no greater than those assessed for the normal operation of TMI-2
prior to the accident. The environmental impacts associated with the normal operation of the TllI
Unit  2 are descr ibed in "Final Supplement to the Final Environmental  Statement Related to the
0peration of Three Mile Island Nuclear Station, Unit 2," (ltRC report NUREG-0112, December 1976).

13.9.3.16 Tr i t iun Release Due to Reactor Pressure Vessel Head Removal (76)

The offsite dose from tritiun released from the reactor vessel during head removal would be ex-
trenrely smal l ,  ruch gnal ler than that now occuring whenever the reactor bui lding is vented, be-
cause the sump water const i tutes a much larger source of t r i t ium. Special  precaut ions against
tr i t ium release during head removal would not be warranted.

f3.9.3.17 0ffs i te Dose from TMI-2 Accident Taken Into Considerat ion (70, 93, 109, 114, 67, I28,
20, 85, 84)

The dose and potentia'l health impacts that occurred as a result of the accident and the method-
ology behind these dose calculat ions are contained in NUREG-0558, "Populat ion Dose and Health
Impact of the Accident at the Three Mile Is land Nuclear Stat ion." The offs i te doses from the
cleanup operat ion wi l l  be negl igible ( few mrem) in comparison to that f rom the accident ( less than
100 rnrem).

13.9.3.18 Basis for Dose Est imates to Base on Major Isotopes (4, 73, 84)

Appendix J presents the basis for considering only a few of the radionucl ides present ( is H-3, Cs-
137, Cs-134, Sr-90, and Sr-89) in the source spectrum for offs i te dose calculat ions. 8y use of
the exist ing concentrat ion in the faci l i ty and MPC va' lues of 10 CFR Part 20 (which incorporate
usage factors and ingest ion dose conversion factors for waten, and inhalat ion rates and inhalat ion
dose conversion factors for air)  the relat ive signi f icance from the standpoint of  dose of each
nucl ide in the ent ire spectrum is est imated.

f3 .9 .3 .19  Jus t i f i ca t ion  o f  D ispers ion  Fac tors  in  Dose Ca lcu la t ions  (100)

For the appl icat ' ion to operate the Unit-2 faci l i ty,  the l icensee was required to establ ish both
long-term and short-term meteorological dispersion data. These data were reviewed by the NRC
staff  and described in the Fina' l  Environmental  Report  and Safety Evaluat ion Reports related to the
operat ion of the Tl4I-2 faci l i ty.  The NRC staff  has also detennined that meteorological  condit ions
present ly exist ing in the vic ini ty of TMI-2 do not di f fer s igni f icant ly f lom those described in
those reports.

13.9.3.20 Conservat ism in Dose Rate Est imates (52, 55, 84, 107)
I

The decontanination program is scheduled over a period of several years, hence the approach used
in the Draft  PEIS of evaluat ing the total  relr :ase as i f  i t  occurred over a period of one year
actual ly overest imates release rates and is overly conservat ive. Meteorologica' l  parameters speci-
f ic to accidents are now used for these calcu]at ions in the PEIS (see Appendix l . | ) .

13 .9 .3 .21  Rad ionuc l ide  Pathways  to  Humans (7 i1 ,  68)

The nucl ides which could be released would accumulate in the body through inhalat ion of the plume,
and by ingest ion (dr inking water,  eat ing f ish,,  meat and farm produce, and dr inking mi ' lk,  etc.)
These pathways are considered in the dose calculat ions.
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13.9.3.22 Dose Commitment to Humans Through Aquat ic Food Chain (67, 13, 55)

A' l l  the doses that were calculated in the PEIS include accumulat ion in the food chain in the f inal
receptor next to man, e.9.,  f ish and shel l f ish. Also, al l  of  the internal doses that were calcu-
' lated 

for human beings includes the "50 year dose commitment effect."  This means that the one-
t ime intake includes the dose that is received from the one-t ime intake out to a period of 50
years.

13 .9 .3 .23  Meteoro log iea l  D ispers ion  Fac tor  (55)

The value of meteorological  dispersion factor (X/0) which was used throughout the text for est i -
mating maximum individual doses due to gaseous releases during normal c ' leanup act iv i t ies was
6.7 x 10-6. This X/Q value represents the highest annual average X/Q value for al l  the 16 sectors
at the si te boundary.

13.9.3.24 Est imates Made for Organ Dose (32, 55, 121)

The PEIS contains est imates of cr i t ica' l  organ doses and their  associated health effects.

13 .9 .3 .25  0 f fs i te  Rad ia t ion  Doses  by  Inha la t ion  Cons idered (120)

People wi l l  absorb radioact ive mater ials such as Sr-90 and Cs-137 by breathing i f  they are down-
wind of the plant and these mater ials are being released to the atmosphere. The dose calcu' lat ions
of the PEIS include this pathway.

13 .9 .3 .26  Dose Fac tor  per  Un i t  Ac t iv i t y  Re leased (73)

The popu' lat ion dose est imates indicate that for every cur ie of Sr-90 released uniformly over one
year to the atmosphere, the result ing 50-mile populat ion dose is about 53 person-rem. For each
curie of Cs-137 and Cs-134, the 50-mile populat ion dose is 33 person-rem and 4O-person rem,
respect ively.

13 .9 .3 .27  Tr i t ium Dose Cc; rs idera t ions  (65 ,  114,  115,  117,  130)

Tri t ium behaves di f ferent ly from otherisotopes jn that i t  becomes distr ibuted in the body in a
manner that is proport ional to the water content for each organ. As a result ,  except for bone,
the dose that each type of organ t issue receives is about the same for a given amount of act iv i ty
taken in by the body. 0ther isotopes general ly have varying aff in i t ies for the di f ferent body
organs. Regard' ing i ts effect on t issues, tr i t ium is a weak (18 Kev) beta emmitter,  therefore, i ts
effect wi l l  be fair ly local and inter-organ effects are smal l  to negi ' ! ' . ib1e.

Tr i t i r . rn  can o f ten  be  a  p rob lem f rom the  eng ineer ing  s tandpo in t  because j t  j s  chemica l l y  ind is t ' in -
guishable from the hydrogen jn water.  Therefore, i t  is not renoved in f i l ter ing or ion-exchange
sys tems.  For  th is  reason i t  i s  usua l ly  g iven  spec ia l  cons idera t ion ,  ra ther  than because o f  an-v
spec ia l  behav io r  w i th in  the  body .  Except  fo r  i t s  un i fo rm d is t r ibu t ion  w i th in  the  body ,  i t  i s  no t
expected to behave any di f ferent ly from the standpoint of  dose effects than any other beta
emi t ter.

13 .9 .3 .28  Exposure  to  the  Pub l ic  f rom Waste  D isposa l  0pera t ions  (107)

The dose to  peop le  l i v ing  near  the  d isposa l  s i tes  has  no t  been ca lcu1ated  fo r  spec i f i c  TMI  waste
shipments since the TI ' I I  waste does not add to the waste disposed of at  the faci ' l i ty;  rather j t

replaces other waste shipments. Thus, the TMI waste does not add to the exposure received by the
p o p u l a t i o n  i n  t h e  v i c i n i t y  o f  t h o s e  f a c i l i t i e s .
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The performance object ives for a waste disposal faci l i ty wi l l  be (1) doses to inadvertent intru-
ders will not exceed 500 mren/yr and (Z)--d-oses from groundwater pathways will not exceed
25 mrem/yr at the disposal site boundary.

f3.9.3.29 Global Dose Comnitments (120)

In the PEIS the S0-year dose commitnents were est imated. This is general ly conservat ive as the
average age of the hwnan populat ion is over 20 years and the l i fe span of a person is 70 years.
Est ' imat ing dose commitments beyond this does not real ist ica' i ly ref lect the age structure of the
populat ion. Extrapolat ing populat ion doses beyond 50 mi ' les is meaninq1ess because they are so
small that not only are they greatly exceeded by natural background doses, but they are exceeded
by f luctuat ions in natural  background doses.

Calculat ions of global doses due to releases at Ttvl l  serve no useful  purpose as the al l - t ime back-
ground dose to the global populat ion is inf ini te.  I f  i t  is assumed that the 13 person-rem dose is
received by the 4 x 109 people who are now a'live, each person would receive an average dose of
3.2 x 10-6 mrem. A dose of this va' lue has no meaning.

13 .9 .3 .30  Rad ionuc l ide  Concent ra t ions  and Popu la t ion  Doses  (73)

Popu la t ion  doses  are  d i rec t l y  re la ted  to  ac t iv i t y  tha t  i s  re leased.  In  fac t ,  ind iv idua l  doses  are
also direct ly re1ated to act iv i ty.  Nevertheless, both doses are inversely related to factors
related to di lut ion; for example, the r iver f ' low. The calculat ional models used by NRC work
exact ly in this manner.  The assumptions described in the PEIS indicate that both act iv i ty and
r iver  f low are  used in  the  ca lcu la t ions .  There  are  a t  leas t  th ree  reasons  fo r  d iscuss ing  d i l t t t ion
and concentrat ions: First ,  there are federal  regulat ions requir ing that certain concentrat ions
not be exceeded. Second, the greater the di lut ion, the lower the dose rate, Low dose rates are
desirable because basic health physics pr inciples suggest that,  for the same cumulat ive dose,
biological  t issue is less affected by lower dose rates than higher ones. Third, the closer that
concentrat ions and dose rates are to background concentrat ions and dose rates, the less chance the
re lease can per tu rb  any th ing  in  the  ecosys tem.  The idea l  s i tua t ion  is  to  keep re lease ' leve ls
within the natural  f luctuat ions of the ecosystem. The approach that is used in discussing these
matters in the PEIS is not intended to create false ' impressions, rather,  i t  is to present the
releases from a perspect ive that the major i ty of the publ ic wi l l  understand. Comparing doses to
background, and concentrat ions to federal  standards, seems a reasonable approach.

13 .9 .3 .31  No Bas is  to  Dec la re  Req ion  Around Unsafe  (73)

The potent ial  environmental  impacts of c leanup al ternat ives were eva1uated in the PEIS. Based on
the potent ial  environmental  impacts discussed in the PEIS, there is no basis for declar ing the
region around TMI unsafe for human habitat ion nor that agr icul tural  products from the area be
declared unf i t  for human or 

' l ivestock 
consumption.

L3 .9 .3 .32  Too Many Un i ts  Used fo r  Rad ioac t iv i t y  (121)

I t  i s  necessary  to  use  severa l  d i f fe ren t  un i t : ;  in  the  PEIS when re fe r r ing  to  rad ia t ion  s ince  d i f -
ferent asper; ts of radiat ion are be' ing treated,,  The units which describe these aspects have been
adopted by the Internat ional Commission on Radiat ion Units and Measurements ( ICRU) Report  33 -

Rad ia t ion  0uant i t ies  and Un i ts .



13_69

13.9.4 tlealth Effects from Radiation Expos';'re

1 3 . 9 . 4 . 1  H e a l t h  R i s k s  A s s o c i a t e d  w i t h  R a d i a t i o n  D o s e s  D u r i n g  C l e a n u p  ( 2 , 2 0 , 5 9 ,  6 0 ,  6 7 , 6 9 , 8 2 ,
el)

Several  studies ana' lyzed the data relat ing to the inf luence of the magnitude and temporal distr i -
but ion of dose on the biological  ef fect iveness of low l inear energy transfer (LET) radiat ion per
unit  absorbed dose. Al l  of  the isotopes that could ' -  ;eleasr 'd as a result  of  c leanup act iv i t ies
are of this category. The National Counci l  on Radiat ion Protect ion and Measurements (NCRP) con-
cluded in Report  No, 52, I  " that there has been no direct Cemonstrat ion of deleter ious effects
from mrldwide fal lout and therefore fron env' i ronmental  Cs-137. l . lh i le this lack of evidence does
not pro'le a total absence of damage associated with internal exposure to Cs-137, it does indicate
that r isks due to present and past levels of environmental  contaminat ion of Cs-137 have been at' levels 

so low that harmful ef fects,  i f  they exist ,  are not readi ly apparent. ' r  Also" in the sum-
mary and conclusion of BEIR-II I  Reportz the cormit tee concluded that:  " I t  is unl ikely that car-
cinogenic and teratogttnic effects of doses of low LET radiat ' ion administered at th ' is dose ra'"e
(100 mrad/yr) wi l l  be demonstrable in the foreseeable future." Furthermore, i t  is l ike' ly that
the r isk models frorn low-level radiat ion are conservat ive, in fact,  certain studjes with animals
suggest the existence of a threshold below utr ich there are no adverse health r isks. Hence, i t
niay be that there are no health effects,  detr imental  or otherwise associated with these releases.

The PEIS describes health r isks to the plant workers and to offs i te individuals and populat ion.
The regulat ions, 10 CFR Part 20, require that an jndividual plant urorker receive no r iore than an
average of 5000 mrem per year occupat ional exposure. This is equivalent to a l i fet jme chance of
7 x 10-q for the uprker to die from cancer as a result of the radiation exposure based on calctr-
lat ional methods descrjbed in the PEIS. The r isk of mortal i ty f rom lung cancer due to smoking
one pack of c igarettes per day is 5 x 10-3 per ycar and the r isk of mortal i ty f rom driv ing an
automobi le 10,000 miles per year is 7 x 10-s per year.  There are other examples that could be
used but these are sufficient to il lustrate that the greatest threat to plant workers is not from
radiat ion exposure.

1.3.9.4.2 Up-to-Date Information on Health Effects (99)

At the t ime the draft  PEIS was wri t ten, the Committee on B' iological  Fffects of Radiat jon had not
re leased i t s  1980 dra f t  repor t  (BEIR- I I I )2 .  However ,  in  the  Summary  and Conc lus ions  o f  tsEIR- I I I ,
the cormit tee concluded that low-level radiat ion derived from the earl ier BEIR reports are prob-
ably conservat ive.

13 .9 .4 .3  Ep idemio log ica l  S tudy  on  Low- leve l  Rad ia t ion  (10 ,  60 ,  64 ,  72 ,  l07J

In a study funded by the NRC and reported in NUREG/CR-1728, the feasibi l i ty of  epidemiologic in-
ves t iqa t ions  o i ' the  hea l th  e f fec ts  o f  low- ' leve l  ion iz ing  rad ia t ion  was inves t iga ted .  In  bhe sum-
mary to NUREG/CR-1728, i t  was concluded that occupat ional groups are the raost pract ical  to study
and that i t  is not feasible to study the dose-response effect for cumulat ive doses that are less
than 10,000 mrems. The maximun offs i te dose result ing from the accident was about 100 mrem. The
annual maximum dose from Tl4I-1, shou' ld i t  b,e restarted, wi l l  be about 10 to 20 mrem, and the
maximun dose from the decontaminat ion progri ln wi l ' l  be a few mil l i rems. I f  TMI-I  operates for

rNat ional  Counci l  on Radiat ion Protect ion and Measurements,  "Cesium-137 f rom the Envi ronment  to
Man:  Metabol ism and Dose,"  Report  No.  52 (1977).

2Conrni t tee on the Bio logical  Ef fects of  Ioniz ing Radiat ion.  "The Ef fect  on Populat ions of  Expo-
sure to Low Levels of  Ioniz ing Radiat ion,"  Nat ional  Academy of  Sciences,  1980.
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30 years, the cumulat ive off t i te maximum dose wi l l  be about 300 to 600 mrem. The cumulat ive
3O-year dose from the accident, operation of Unit 1, and the decontamination prograrn is 400 to
700 mrern, a number much smal ler than the 10,000 mrern lower l imit  study feasibi l i ty number.
Hence, a detai led epidemiological  study around TMI would not l ikely detect any health effects
that could be related to doses from Tl1I.  NRC is not requir ino the l icensee to do these types of
stud i  es .

13 .9 .4 .4  Detec t ion  o f  Rad ia t ion  Hea l th  E f fec ts  (67 ,  7? ,  128)

The amount of radioact iv i ty that wi l l  be re' leased wi l l  be so low that no effects w' i l l  be observ-
ab' le.  The radioact iv i ty released wi l l  result  in doses of a few mil l i rems to ten mi l l ' i rems over
the ent ire decontaminat ' ion period (several  years in length).  The average individual doses for
the  50  mi le  human popu la t ion  w i l l  be  much smal le r  than these max imum ind iv idua l  ca lcu la t ions .
Natural  background radiat ion is about 116 mrem per year in the Harr isburq area. One study sug-
gests that doses of 10,000 mrem uould be required before epidemiological  ef fects could be de-
tected in humans. r

13.9.4.5 Approach to Est imate Health Effects (67, 127)

To est imate the health effect due to cleanup al ternat ives the PEIS adopts the " l inear no-
threshold" approach. Thus the health effect is est imated to be l inearly proport ional to the dose
received. That is,  doubl ing the dose would double the probabi l i ty of  potent ial ' ly harnrful  health
effects.  Also, there is no threshold dose below which there is zero probabi l i ty of  potent ial
hea' l th effect.  Therefore, al though the radiat ior i  dose to the publ ic from cleanup al ternat ives is
very smal l ,  ' in the order of a few mil l i rems, a correspondingly smal l  probabi l i ty of  health effect
s t i l l  ex is*us .  Th is  i s  in  the  order  o f  less  than one in  one mi l l ion .

13 .9 .4 .6  R isk  Es t imators  fo r  Rad ia t ion  Doses  (73 ,  98 ,  114,  125)

Just as there are studies suggest ing that r isk est imators should be higher than the ones that
were used in the PEIS calculat ions, there are also studies suggest ing that they should be lower.
For example, people who l ive in Colorado, l ,Jyom'ing, and New Mexico receive considerab1y more back-
ground radiat ion than the average U. S. c i t izen. Nevertheless, their  leukemia rates are lower
than that of  the auerage U. S. c i t izen.2 The r isk est imators that were used in the PEIS were
based on  the  BEIR- I  repor t .3  The la tes t  BEIR repor t  (BEIR- i I I )  suggests  tha t  the  r i sk  es t imators
shou' ld be even smal ler than those of BEIR-I.

13 .9 .4 .7  Accuracy  o f  Dose-Risk  Es t imates  (50)

Cancer r isk est imates are not accurate to 20/ '  therefore rounding off  is just i f ied. The meaning
of cancer r isk est imates was described in EEIR-II  in the fol lowing manner: "As suggested by the
ICRP, the expressior of r isk est imates in absolute terms--for erample, 2 cases per one mil i ion
exposeci people per year per rem--might be misinterpreted as implying considerably greater accu-
racy than the facts just i fy.  For this reason! est imates are sometimes expressed in terms of
'o rders  o f  r i sk , '  e .9 , ,  1  to  10  cases /106/year / rad  is  a  6 th  o rder  r i sk . "

lThe Feas ib i l i t y  o f  Ep idemio loc ica l  Inves t iga t ions  o f  Hea l th  E f fec ts  o f  Low Leve l  Ion iz ing
Radiat ion," NRC Report NUREG/CR 1728, Nov. 1980.

2Cohen, Bernard L.,  "The Cancer Risk from Low-Level Radiat ion," J.  Health Physics, Vol.  c9,
pp. 559-678, 1980.

3Report of  the Advisory Committee on the Biological  Effects of Ionizing Radiat ions, 'The Ef-
fects on Populat ion of Exposure to Low Levels of lon' iz ing Radiat ion," Nat ional Academy of
Sciences, p. 99, November 1972.
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Total  Natural  Sources

Man-made
Medical and Dental
I' leapons Fal lout

Total Man-made Sources
Total Al I Sources
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13.9.4.8 Li fet ime Health Effect Est imated (67)

The dose est imates given in the PEIS are the total  doses that the maximum individual could re-
ceive during the ent ire decontaminat ion process. i 'h is means that i f  the decontaminat ion lasted
longer than one year,  the total  dose received wouid be the same as i f  the decontaminat ion lasted
only a year.  The r isk est imates stated in the PEIS are the l i fet ime r isks based on a one-year
exposure dose.

tJi th regard to the data base used to determine r isk est imates in the PEIS, most of the data cane
from human beings. These est inates are based on studies of the survivors of the Hiroshima and
Nagasaki bombings, and also fron other individuals exposeci occupat ional ly,  e.9.,  in uran' ium
mining or as a result  of  nedical  d ' iagnosis or therapy. t . l i th the Hi i^oshima and Nagasaki popula-
t ions m are able to observe a wide spectrun of ages, from exposed fetuses to older people. In
this manner,  the dose effect on al l  ages are taken into considerat ion.

13 .9 .4 .9  Of fs i te  Hea l th  E f fec ts  To  Be Essent ia l l y  Non-ex is ten t  (120)

Risk comparisons in the PEIS are made in an attempt to quant i fy the impact.  What the PEIS sug-
gests is that the r isks associated with this decontaminat ion program are within levels considered
normal.  The statemeni that health effects are essent ia ' l ly non-existent is based on a comparison
of  the  ca lcu la ted  doses  to  background.  Th is  i s  no t  incons is ten t  w j th  the  quant i ta t i ve  es t imates
made fa r ther  on ,  because the  quant i ta t i ve  es t imates  resu1t  in  neg l ig ib le  r i sk .

13.9.4.10 Controversy of Health Effects at Low Radiat ion Levels (64)

The low leve ' l s  o f  rad ia t ion  wh ich  nay  be  rece ived by  ind iv idua ls  l i v jng  c lose  to  the  p lan t  were
est imated to be from one to a few mil l i rem. There are no r isk models suggest ing that thjs level
o f  rad ia t ion  is  harmfu i .  The cont roversy  ex is ts  a t  much h iqher  leve ls  o f  rad ja t ion  and in  ca lcu-
la t ing  popu la t ion  r i sks  f rom very  low rad ia t ion  leve ls .  Never the less ,  the  ind jv idua l  r i sk  i s
i  ns ign i f i can t .

The fo l low ing  tab le ,  wh ich ' i i s ts  the  sources  o f  rad ia t ion  and assoc ia ted  doses  fo r  a  typ ica l  jn -

d iv idua l  l i v ing  on  the  eas t  coas t ,  i l l us t ra tes  the  ins ' ign i f i cance o f  a  dose o f  a  few mj l l j rem.

Sources of the Average East Coast American's
Annua l  In take  o f  Rad ia t ion

Dose
(mrem)
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"Nuc lea r  Rad ia t i on  and  Hera l t h "  by  Roge r  E .  L innemann ,  M .D . ;
The Envi ronmental  Impact  of  Electr ica l  Power Generat jon:
Nuc lea r  and  Foss i l "  by  Pennsy l van ia  Depa r tmen t  o f  Educa t i on .



I

干
ii:'==予

=手革干=!本■=下下1子1下|・flllf■|||  ‐=・   . :l ilイナr十    ‐子i !  ■|―t     ll■■11・卜 ■■ ■  ・「 ti■:t・

t3_72

The quant i t ies in the table can vary-signi f icant ly from one individual to the next.  For example,the sky dose depends on the amount of tirp spent 
-outdoors, 

the housing dose depends on the type
of construction materials used for the house, ttre food dose depends uion the qlantity of fooi'in-
gested' and the medir:ai dose depends on the amount and type of treatments an individual receives.
The variations are far above the doses that could occur as a result of the cleanup operation.

13.9-4.11 Synergist ic Effects and Health Effect Est imates ( lz1)

The potential increases in fatal cancer assessed in the PEIS does take into account synergistic
effects in the saine way as the normal cancer death rate of 1 in 5. l{e cannot state exactiy what
the synergistic effects are in either case, but since the risk estimatsrs used are based on realpopulation groups' the synergistic effects, if any, are correctly factored in.

13 .9 .4 .12  Poten t ia l  Hea l th  R isks  Es t imated (1 l l )

The PEIS includes est imates of potent ial  doses and associated health effects and environmentai
impacts. From these analyses, the staff concludes that the cleanup can be accomplishetl by using
alternat ives having such radioact iv i ty release levels that potent ial  ef fects on the health of thepubl ic and the safety of the environment would be negl igibly smal l ,  i f  not zero.

13.9.4.13 Risk Factors for Non-fatal  Cancer (13, lZL,)

The r isk est imators used in PEIS represents rate of l i fet ine cancer mortal i ty per unit  radiat ion
dose. These r isk est imates were developed in t tAsH 1400, Appendix vI .  Appendix I I I  of  uAsH-1400provides an est imate of non-fatal  cancer r isks. The r i ik for non-fatal  tancers is about
1.5 t imes that of  fatal  cancers. The PEIS concludes that no signi f icant health effects and r isks
were expected as a result of decontanination of TMI-2. This conc'lusion would have been the same
if  non-fata' l  cancer r isks were included.

13 .9 .4 .14  Hosp i ta t  in  v ic in i ty  to  Trea t  Rad ia t ion  pa t ien ts  (99)

I t  is current NRC pol icy that there be at least one hospital  in the vic ini ty of a nuclear power
plant that is able to treat pat ients ei ther contaminated with radiat ion or iuf fer ing from over-
exposure to radiation. In the case of TMI it is the Hershey lrledica'l Center in Hershey, pa.

13.9.4.15 Natural  Background Radiat ion (ZZ, 52)

The natural  background radiat ion includes sources from cosmic and terrestr ial  radiat ions. I t
does not include man-made sources such as radiat ion from fal lout,  redical  and denta' l  x-rays.
Nuclear power operat ion radioact iv i ty releases are not s ' igni f icant enough to impact on thl  natu-
ral  background radiat ion used in the pEIS.

13.9.5 Radioecological_Effects

1 3 . 9 . 5 . 1  R a d i a t i o n  D o s e s  a n d  E f f e c t s  o n  E c o l o g i c a l  C o r m u n i t y  ( 4 6 , 5 9 , 6 g , 7 5 , 1 1 7 , 1 3 0 )

Doses to animals in the vic ini ty of Three Mile Is land are not expected to be signi f icani ly
greater than that received by humans. Although guidel ines have not been establ ished for accept-
able l imits for radiat ion exposure to species, other than man, i t  is general ly agreed that the
l imits establ ished for humans are also conservat ive for other speciei"  Experience has shown that
the maintenance of populat ion stabi l i ty is crucial  to the survival  of  a species; species in most
ecosystems suffer rather high rortal i ty rates from natural  causes. t{hi le the existence of ex-
tremely radiosensit ive biota is possible, and whi ie incr 'eased radiosensit . iv i ty in organ. isms may
result  f rom environmental  interact ions with o,ther stresses (e.g.,  heat,  bioci ies, et i . ) ,  no l i i tu
have yet been discovered that show a sensit iv i iy ( in terms of increased morbidi ty or ro"tut i ty)
to radiat ion exposu!^es as low as those expected in the area surrounding t fre Three Mi ' le Is land'nu-
clear power plant.  Furthermore, in al l  the plants for which an analysis of radiat ion exposure to
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biota other than man has been made, there have been no cases of exposures that can be considered
significant in terms of harm to the species, or that approach the exposure limits to members of
the publ ic permit ted by 10 CFR 20.r The BEIR Report2 (which is st i l l  being reviewed by the NRC
staff)  concluded that the evidence to date indicates that no other l iv ing i rganisms are very much
more radiosensit ive than man. Therefore, no measurable radiological  implct  on populat ions 

-of

biota is expected as a result  of  the decontaminat ion operat ion of this plant.

Long-tenn bioaccumulation is generally not considered as important in animals as in humans be-
cause humans generally have the greater longevity. Thus long-term problems are ncst significant
in humans. The dose calculations for humans represent the S0-year cumulative dose based on a
one-year intake of radioactivity.

L3.9.5.2 Studies of Plants and Animals (64, 88, 123)

In Sect ion 3.1.5 in the PEIS is a surmary descr ipt ion of the ecology of the Three Mile Is land
vicini ty and other areas potent ial ly af fected during cleanup operai ions. In-depth specif ic ac-
counts of the aquatic ecology and fisheries of the Susquehanna River and Chesapeake Bay are in-
cluded in Appendix E. Appendix E was prepared from an extensive review of the literat-ure, with
the most pertinent sources cited and included in the references.

l{o experimental research Per se on the ecosystems of the TMI vicinity has been done specifically
for the PEIS. However,  studies of the aquat ic ecology and f isheries of the Susquehanna River
near TMI have been ongoing cont inuously since 1974. These studies give us the descript ion before
the accident.  These are surmarized in pEIS Sect ion 11.10.

The NRC staff  has carr ied out post-accident examinat ions of plant and animal health effects in
the Tt{I area. The results have been reported in two NRC technical reports. NUREG-0596 examined
disease, parasi tes, abnormal i t ies, and mortal i ty of  f ish in the Susquehanna River fol lowing the
accident and compared the figures with data for corresponding time periods during the pre-
accident years of 1975-1978" and with data frorn other upstream and downstream areas of the river.
I{UREG-0738 invest igated many regorted health problems with plants,  animals, and l ivestock fol low-
ing the accident.  That report  sumarizes the invest igat ions of terrestr ial  biologists,  veter i-
nar ians, and a radiobiologist .

Studies of aguat ic and terrestr ial  populat ions near TMI are cont inuing under the NRC Environ-
rpntal  Technical  Specif icat ions. The aquat ic biological  and f isheries studies are surmarized in
Sect ion 11.10 and in Appendix E. The detai led studies of the r iver biota occur in the york Haven
Pond near TMI. Sampling points in the pond are upstream and downstream of TMI and in al l  three
r iver  channe ls .

The studies have documented no ecological or animal health impacts from the accident. The stud-
ies do not include areas "indisputably" beyond the range of accident effects (had there been
any) .  To  inc iude such ' loca t ions  eou ld  mean sanp l ing  in  a reas  fa r  iemoved ( i .e . ,  severa l  m j les
upstream) from TMI where the biotic cormunity and its habitat are different f"om those control
stations. However, data from the post-accident period and from the ongo'ing cleanup period have
been and will continue to be compared with cornparable data collected during the 5 year pre-
accident period of 1974-L978. Those pre-accirlent ecological and animal health data serve as
basel ine "control"  information against which lo compare simi lar" data during cleanup.

lBlaylock, B. G. a:rd l , l i therspoon, J.  P.,  "Radiat ion Doses and Effects Est imated for Aquat ic Biota
Exposed to Radiat ive Releases from Lt lR Fuel- |)ycle Faci l i t ' ies,  l luclear Safety,  Vol.  17, No. 3,
May-June 1976.

2Commi t tee  on  the  B io log ica l  E f fec ts  o f  Ion iz1ng Rad ia t ion .  "The Ef fec t  on  popu la t ions  o f  Ex-
posure to Low Levels of Ionizing Radiat ion," Nat ional Academy of Sciences, 1980.

身■
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13.9 .5 .3  E f fec ts  on  Eco logy  o f  R iver  and Bay (11 ,  20 ,  46 ,79 ,91 ,  99 ,  103,  121,  L23)

The potential impacts to the ecology of the Susquehanna River and Chesapeake Bay are discussed in
detai l  in Sect ion 7.2.5.4 of the PEIS. The staff  careful ly considered potent ial  biolog' ical  con-
centrat ion factors as wel l  as di ' lut ion and dispersal of  the radionucl ides, bioaccumulat ion fac-
tors, and the radionuclides in sediments when evaluating the potential impacts to the river of
the radionucl ides released in the processed water.  The staff 's or iginal  conclusion that the re-
lease of processed water is not expected to have adverse environmental impacts is stil l valid.

It is not true that any input to an ecosystsn must have an irreversible effect. Indeed' it is
one of the basic tenets of ecology that ecosystems exhibit homeostasis and are capable of self-
maintenance and self-regulat ion i f  perturbat ions (such as' input of pol lutants) are not too
severe  (E .  P .Odum,1971,  Fundamenta ls  o f  Eco logy ,3rd  ed . ,  l ' f .  B .  Saunders  Co. ,  Ph i lade lph ia ) .

The discharge of processed water to the Susquehanna River is not "assumed" but is discussed as
one al ternat ive mans of disposing of the water containing tr i t ium, which is the only radio-
nucl ide of consequence. There are discussions of accidents which, i f  they should occur,  wou' ld
resu'lt in processed or unprocessed water being released to the river. Concentrations of radio-
nucl ides in f ish and shel l f ish as a result  of  both control led releases of processed water are
d iscussed in  Sec t ion  7 .2 .5 .4  o f  the  PEIS.  The b io ta  o f  the  Susquehanna R iver  and the  Chesapeake
8ay would receive a smal l  f ract ion of the radiat ion dose received from natural  background, and
the incrementa'l effect rould be unmeasurable.

t farketabi l i ty of  seafood products from the Chesapeake Bay is also discussed in Sect ion 7.7.5.5.

13.9.5.4 Bioaccumulat ion Factors in Fish Considered (130)

The bioaccumulat ion factors are factored into the calculat ions of radioact iv i ty in f ish f lesh and
the doses to f ish. The approach that is used in calculat ions is one of conservat ive averaging.
For example, the bioaccumu' lat ion factors selected are the ones bel ieved to be conservat ive. In
addit ion, conservat ive f lows r, lere used and no credit  is taken for sedimentat ion.

The overal l  model ing approach has been used at many reactors. Fol ' low-up f ield studies coqf irm
that the approach is conservat ive as a whole. This is not to say that a given individual f ish
may not have a greater nucl ide burden than the calculated va1ue, but only that i t  is vdry unl ike-
ly that the average value exceeds the calculated value. Est imates of bioaccumulat ion of stron-
tiun and cesiun in fishes of the Susquehanna River based on actual field data are g'iven in
Sect ion  7  .2 .5 .4  .

13.9.5.5 Bases for Bioaccumulat ion Factors (13, 72, gL, LOO)

The rationale for" bioaccumulation factors useri by NRC is given in a report by Stanley Thompson
et al . ,  "Concentrat ion Factors of Chemical Elements in Edible Aquat ic 0rganisms," Lawrence
Livermore Laboratory, October L0, L972. For strontiun uptake in freshwater fishes two references
are cited. One reference indicated an average concentration factor of 3.0 and another indicated
one of 16. For cesiun uptake in freshwater f ishes six references are ci ted with values ranging
from a low of 390 to a high of 4700 with a weighted average slightly greater than 2000.

The bioaccumulat ion factors for Sr and Cs have been observed to be greater for f reshwater f ishes
than for sal twater f ishes. The freshwater f ish values are used throuqhout the PEIS. Temperature
and water qual i ty effects are only indirecl l ly considered as the or iginal  sources are based on ex-
periments over a range of condit ions. Backup studies at nuclear plant s i tes indicate that the
models in which these factors are used are conservat ive.
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13.9.5.10" Radiat ion Doses in the Aquat ic Food Chain (11, 14, 20, 2L, 30, 37, 42, 45, 46, 52, 63,
64, 66, 59, g5)

The concentration of radioactive material in fishes in the Susquehanna River and the Chesapeak
Bay should the discharge of processed water be permitted is estimated in Section 7.2. The bioac-
cumulat ion factors for f ishes have taken into considerat ion for bioaccumulat ion in Iower trophic
Ievels. Actual bioaccumulation factors for lower trophic levels (invertebrates) are smaller than
for fishes. Hence, the radioactive concentrations in fishes represent the maximum concentration
that *luld be expected throughout the food chain. The assessment in the PEIS indicates that the
concentrations of radioactive material and the radiation doses to fishes and other aquatic biota
are very low. These doses to Susquehanna River fishes and Chesapeak Bay fishes will not result
in detrimental effects to those fish'populations nor should have an effect on the entire aquatic
food chain or cormrcial fishery.

13.9.5.11 Effect of  Radiat ion on Livestock (68)

The impacts from TMI on l ivestock and the results of the NRC: alysis are publ ished in NUREG-
0378, " Invest igat ions of Reported Plant and Animal Health Effects in the Three Mile Is ' land Area., '
lJhile many of the symptoms reported are characteristic of radiation sickness and of many other
diseases, the necessary spectrum of syrnptoms that would establish a causal link between the re-
ported problem and Tl,lI was not in evidence. Considering the lack of systematic geographic
pattern of reported problems related to the power p'lant, and that many of the problems were
diagnosed as comnon occurrences in domestic and wild animals, the staff believes that no
relat ionship can be establ ished between the operat ion of TMI, the accidental  releases of radio-
activity and the reported health effects. The major source of contamination to milk is the pos-
sibi l i ty that radioiodine wi l l  be taken up by the cows and then del ivered to the mi lk.  The
source of radioiodine has not existed since the latter part of May of 1979. Therefore, we do not
bel ieve that sampl ing farm milk along the transportat ion routes wi l l  be required.

13.9.5.12 Behavior of Sorbed Radionucl ides in River and Bay (72)

Appendix T has been added to the PEIS. The behavior of radionucl ides in the Susquehanna River
and Chesapeake Bay is discussed in Sect.  7.2. The staff  expects that the sorpt ion of radioac-
t iv i ty by sediment wi l l  have only a minor effect on the ecology of the r iver and bay.

13.9.5.13 Goncentrat ion Factors in l {ater (72)

There is an aguat ic concentrat ion factor for radionucl ides in f ish. However,  there is no concen-
tration factor in water. The concentration factors for fish used by the NRC staff are described
in Regulatory Guide 1.109 (bioaccumulat ion factor).  The concentrat ion factor for cesium is 2000
and for stront ium is 30. Concentrat ion of radionuc' l ides in f ish was est imated in the PEIS for
the Susquehanna River and the Chesapeake Bay. Est imates of bioaccumulat ion factors for cesium
and strontium based on reasured values in water and fish of the Susquehanna River are presenteti
in Sect ion 7.2.5.4. These comparisons indicate that the Regulatory Guide 1.109 values are con-
serva t ive ly  h igh .

13.9.6 Environmental  l t loni tor ing

13.9.6.1 Environmental  l t loni tor ing Ouring the TMI-2 Accident (70)

Extensive environmental  monitor ing programs exi ted during the accident,  including those conducted
by the licensee, the NRC, the EPA and the DOE. Refer to NUREG-0558, "Population Dose and Health
Impact of the Accident at the Three Mile Is land Nuclear Stat ion," for a detai1ed discussion of
the rpnitoring program that was in existence around TMI at the time of the acciden,t and the anal-
ysis that was used to determine the dose to the populat ion surrounding TMI.
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13.9.6.2  Environmental Survelllance Program (73, 74, 75)

The Executttve Office of the President has designated the EPA the lead federal agency for con―

ducting a comprehensivl・  long‐ term environmental radiation surveillance program.  In addition to

its own extenslve program, EPA also coordinates all other envttronmental monitoring programs con―

ducted by the licensee, the Department of Energy, the CoF「 nOnWealth of Pennsylvanta, the State of

Maryland and the NRC.  The diverse prograns provide verificatlon of the results and should be

considered to be superior to one sギ ngle program.  This coordinated effort provides the most exと

tensive monitoring around any nuclear power facilSty ,n the United States.  In addtttion to the

environmental 「 DnltOring prograns, the licensee Π ust continuously monitor all radloactive eflu―

ents from the facility.  The inplant radicactive effluent monitoring program should detect any

short‐ duration releases, and, coupled with the onsite meteorological「 Bonitoring program, enable

the assessment of offsite dose consequences.  The rad月 ological and aquatic monitory programs are

discussed in Section ll.

13.9.6.3  Effluents Honitorttng and OffsSte Dose Assessments Required (73)

The envtronmental monitoring programs are not the only programs keeping track of alrborne re―

leases into the envtronment during the cleanup.  They are augmented by the plant effluent monう o

toring program requtred by Appendix A of 10 CFR Part 50, Ceneral Design Criterion 64, for the

monitoring of radloactive releases.  Appendix R of the PEIS, Proposed Addit'ons to Technical

Specifications for TMI-2 Cleanup Program, requtres estimates of amounts and types of radioactiv―

ity to be released and reporting of alnunts and types of radioactivity that were released.

The plant effluent releases are monltored prior to atmospherttc dispersion or aquatic dヽ lution.

In addition to Sts effluent monitoring program, the licensee is required to estimate population

and maxtttum individual doses tc ensure compl,ance with offsite dose limits,  Therefore, the envi白

ronmental monitoring sensitivity llmits need not allow for the detectlon of the very low environ―

mental concentrations estimated in the PEIS for the cleanup operations.

13.9.6.4 1 ndependent Environmental Monitoring(73)

In addition to the llcenseeSs environmental monStoring program, there are several other envlron―

mental monitoring programs, including those conducted by the EPA and Commonwealth of Pennsylvania,

which are independent of the interests of the licensee.  The NRC issues a weekly status report

that contains data on the radlonucllde effluents and the results of environmental monitoring by

the EPA environmental monitoring program.

13.9.6.5  Technical Specification Requirements on Offsite Dosimeters (3, 27)

A standard monitoring format is used for all new technical specifications.  The new tecれ nical

spectfications requttre that there be two rings of dosimeters around a plant, one at the site

boundary, and one at a distance of three to five miles.  Each ring is comprised of 16 1ocations

where dosimeters are placed, one in each of 16 compass sectors.  This system has undergone exten―

sive technical revtew, and wc have concluded that, in condunCtiOn with other monitoring systems

which mo,1ltor releases of radioactivギ ty at the plant, the public health is protected.  The off―

site dos,metry systgn at THI has about tittice the number of dosimeter locat,ons as the standard

one described here.  The background radiation level ln the vicintty of TMI has not changed sig,

nificantly since the radiological survey of 1976 prlor to the operatヽ on of Unlt 2.  The NRC is―
sues a weekly TMI-2 status report.  Any significant increases in environmental dosimeter results

will be reported to the publSc.
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13.9.6.6 Technical  Specif icat ion Requirements on Offsi te l {aten l t loni tor ing (28, 74)

The technical  specif icat ions for TMI-2 require that Susquehanna River water samples be taken
above and be'low the plant at a rnnthly and quarterly frequency. The licensee also has a sampling
progrdn for f ish, aquat ic plants,  and aquat ic sediments. This samp' l ing, in addit ion to the sam-
pling of all processed water, will assure that the public is protected from planned or unplanned
discharges of radioactivity. For surface water samples, monthly garma spectra analyses are re-
quired and quarterly tritium analyses ar"e required. For drinking water samples, monthly galma
spectra analyses, nonthly gross beta analyses, monthly I-131 analyses, and quarter ly tr i t ium
analyses are required.

13.9.6.7 Environmental  Sampling Progran (64, 68, ;  r ,  105)

The Iicensee has an extensive program to appropriately sample and analyze materials related to
the food pathways, such as agricul tural  products, mi lk,  water,  and soi l ,  as wel l  as f ish, aquat ic
plantgand aquat ic sediments as part  of  the Environmental  Monitor ing Program. Detai ls of this
program can be found in Section 11 of the PEIS.

13.9.6.8 Monitor ing of River Sediments (64)

The technical specifications for TMI-2 requ'ire that the Susquehanna River sediments and water be
periodical ly sampled for radionucl ides. The sediments are required to be samp' led semi-annual ' ly
at upstrean and downstream locations. A ganma scan analysis is done on the sediment samp'les and
the results are reported to NRC.

13.9.6.9 Durat ion of Monitor ing Programs (56)

The env i ronmenta ' l  mon i to r ing  w i l l  be  long- range and w i l l ' l as t  as  long as  necessary ,  cer ta in ly  fo r
the f ive- to seven-year durat ion of the cleanup. These programs are designed to monitor the
human errvironment and are capable of detect ing the f i rst  order impacts on the environment.  In
addit ion, c leanup workers are covered by a personnel dosimetry program to ensure that regulatory
I imits are not exceeded and that radiat ion protect ion programs to maintain radiat ion doses as low
as reasonably achievable are effect ive.

13.9.6.10 Cont ingency-Survei l lance Progran (64)

The contingency-surveillance program is augmented by the onsite effluent monitoring program. For
example, should an unplanned airborne release occur, the effluent npnitors and the onsite reteo-
rological  monitors wi l l  be able to rapidly assess the offs i te radiat ion leve' ls pr ior to act iva-
t ion of the offs i te cont ingency-survei l lance program. In the event of a sign' i f icant release into
the r iver,  the cont ingency program wi l l  sample and analyze the water on a t imely basis.  The
routine weekly composite sample analysis is performed during normal cieanup operai,' ions.

i3 .9 .6 .11  Mon i to r ing  o f  Unp lanned Re leases  (74 ,  75 , )

The l icensee is required to establ ish and implement a cont inuous onsite radioact ive eff luents
rnnitor ing program such that any release from the faci l i tv wi l l  be quant i f ied. In the event of a
short- term unplanned release, the onsite eff luents monitors would detect the release and enable
the fol lowing act ions to be taken: (1) mit igat ion act ions to stop the release, €.9.,  shut off
exhaust or discharge, stop the source of leakage, halt  c leanup operat ions, etc. ,  (2) not i f icat ion
of t iRC and EPA to enable act ivat ion of cont ingency environmental  monitor ing, i f  necessary, and
(3)  quant i f i ca t ion  o f  the  re lease to  the  env i ronment  fo r  the  ca lcu la t ion  o f  o f fs i te  rad ioac t ' i v i t y
levels and dose rates. The exist ing environnrentai  monitors wculd cont inuously monitor the ra-
d ia t ion  leve ls  (e .9 . ,  TLD dos imeters ,  con t inuous  a i r  sanp lers ,  compos i te  water  samplers )  such
that subsequent reasurements can be used to conf irm the offs i te dose level calculat ions.



守 晋1野1草下=■下=■ !十■|‐:・■・lt■ ‐ |

73-79

13.9.6.12 Onsite Monitors to Augment Environmental  Monitor ing for Est imation of Maximum 0ffsi te
Doses (74)

Est imates of the maximun offs i te dose from airborne releases wi ' l l  be based on readings of moni-
tors at the point of  ef f luent release at the faci l i ty and on meteorological  data, such as wind
speed and direct ion, at  the onsite monitors.  The stat ionary monitors placed offs i te wi l l  serve
to  conf i rm those dose ca lcu la t ions .  Mob i le  mon i to rs  fo r  re lease t rack ing  w i l l  be  ava j lab le  in
the event of any signi f icant airborne release.

13.9.6.13 Expansion of the Federal  Monitor ing Progran (34)

llo proposal for release of the processed water has been made by the lici-'nsee. If such a proposal
is made, and i f  the NRC decides to permit  the release, the envit 'onmental  mon' i tor ing program wi l l
rece ive  add i t iona l  rev iew.  The EPA,  when no t i f ied  o f  the  dec is ion ,  cou ld  ins t i tu te  and coord i -
nate addit ional,  appropriate environmental  monitor ing programs.

The Balt imore Regional Planning Counci ' l  suggests that,  i f  the processed water is released from
Tlt l ! . -z,  the current Federal  monitor ing program should be expanded along the Susquehanna River and
upper Chesapeake Bay. The Balt imore City Health Department also recommends that Balt imore and
the State of Maryland be represented on the off ic ial  monitor ing team. NRC wi l l  forward these
suggest ions  to  the  EPA,  wh ich  has  the  respons ib i l i t y  fo r  coord jna t ing  the  o f fs i te  mon i to r ing
programs relat ive to Tl1I.

13 .9 .6 .14  Mon i to r ing  Programs fo r  Spec i f i c  C leanup Ac t ' i v i t ies  (79)

The environmental  monitor ing programs are comprehensive and extensive. In the event of any sig-
ni f icant ant ic ipated release, the programs would be implemented to concentrate on the specif ic
event,  i f  appropriate. For example, dur ing the contro' l led Kr-85 release from the reactor bui ld-
ing, robi le monjtors were employed to track the airborne releases.

13 .9 .6 .15  Tr i t i r "m Mon i to r ing  i f  Processed Water  Is  D isposed by  Evapora t ion  (28)

The method for dispos' ing of processed water from the cleanup operat ion has not yet been decided.
I f  forced or natural  evaporat ion of water is used, NRC wi l l  consjder whether or not t r i t ium air
monitor ing wi l l  be required and determine the requirements of such a nonitor ing program to be
incorporated into the technical  specif icat ions. In the event that p ' lanned and unplanned airborne
t r i t iun  re lease occurs ,  an  a i rborne  t r i t ium sampl ing  and ana lys is  p rogram wj l l  be ' ins t i tu ted ,
e .g . ,  dur ing  the  k ryp ton  purg ing  opera t ion ,  a  mo lecu ' la r  s ieve  sampler  was opera ted  a t  the  0bser -
vat ion Center for col lect ion of atmospheric moisture for t r i t ium analysis.

13 .9 .6 .16  Updat ing  the  Aer ia l  Rad io log ica l  Survey  o f  1976 (3 )

The aerial  radio' logical  survey of L976 was conducted by the Energy Research and Development
Admin is t ra t ion  (ERDA)  fo r  the  purpose o f 'measur jng  reg iona l  rad ja t jon  leve ls .  Th is  ac t i v i t y  was
unre la ted  to  surve i l lance o f  rad io log ica l  impacts  f ro rn  TMI .  Present  env j ronmenta l  mon i to r ing
programs around' l I*1I are extensive and w€rre specif ical ly designed for the purpose of monitor ing
environmental  impacts of operat ions at l 'MI.  In addit ion, releases from the accident were essen-
t ia l l y  composed o f  nob le  gases  and d id  no t  resu l t  in  any  depos i t ion  wh ich  cou ld  be  de tec ted  by  a
further aerial  survey at this t jme. Therrefore, updat ing the ERDA survey of 1976 is unnecessary.
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13.10 ACCIDENTS AND SEVERE NATURAL PHENOMENA

13.10.1  Acc idents

13.10.1.1 Accidents Involving Human Error (22, 3?:,  50, 55, 59, 91, 92, t lz,  120, L22)

I t  is recognized that dur ing the cleanup operat ion accidents could occur due to ei ther equipment
fai lure or human emor. For each of the processing al ternat ives and operat ions, the possibi l i ty
of accidents occurr ing has been considered and the potent ia ' l  ef fects of these accidents on the
health and safety of the publ ic and workers have been examined.

13 .10 .1 .2  Acc ident  E f fee ts  dur ing  Un i t  1  0pera t ion  (32 ,  60)

The staff  has reviewed the ramif icat ions of a TMI-2 type of accident at Unit  1 during the cleanup
at Unit  2,  and concluded that there should be no signi f icant addit ional environmental  impact in
th is  regard .  The fo l low ing  fac to rs  were  taken in to  cons idera t ion :  (1 )  the  on ly  s ign i f i can t  re -
leases from the plant dur ing the Tt l I -2 accident were noble gases. The environmental  impact would
be no more severe ei ther because of the cleanup operat ions or radioact ive wastes temporari ly
stored onsite;  (2) the l icensee, in order to operate Unit  1,  must provide demonstrat ion of sep-
arat ion and/or isolat ion of the TMI-I  and -2 systems such as radioact ive l iquid transfer l ines,
fuel  handl ing areas vent i lat ion systems, and sanple l ines. Therefore, the cleanup should not
affect the emergency operat ion during a TMI-I  accident;  (3) TMI-1, i f  restarted, wi l l  be staffed
with suff ic ient personnel such that there uould be enouqh personnel avai lable to backup and aid
in manaoing the accident independent of TMI-2 cleanup personnel and (4) i f  necessary, the cleanup
:rrerat ion can be halted and delayed in the event of an accident at Unit  1.  Since the cleanup of
TMI-2 began soon after the accident of TMI-2, such a delay in cleanup of TMI-2 is not expected to
be prolonged. The environmental  impact of such a delay should not be signi f icant.

Conversely,  because of the separat ion and isolat ion of the TMI Units 1 and 2, there should be no
s ign i f i can t  impact  on  Un i t  I  i f  a  c leanup acc ident  occurs  a t  Un i t  2 .  For  example ,  i f  there  is  an
acc ident  in  the  Un i t  2  reac tor  bu i ld ' ing  dur ing  de fue l ing  tha t  resu1ts  in  any  s ign i f i can t  a i rborne
rad ioac t iv i t y  in  the  bu i ld ' ing ,  the  bu i ld ing  vent i la t ion  w i l l  be  shut  down to  p revent  a i rborne  re -
leases. However,  even i f  there is a signi f icant airborne release, the Unit  1 contrul  room vent i-
lat ion could go into emergency mode and the safety of Unit  1 rvould not be compromised.

13 .10 .1 .3  Poten t ia l  Format ion  o f  Z i rcon iun  Hydr ide  and F i re  Hazards  (1 ,  70 ,  73)

The NRC staff  has reviewed the potent ial  for f i re hazards due to any zirconir ,rn hydride that may
have fo rmed and conc luded tha t  i t  i s  un l i ke ly  tha t  a  z i rcon ium hydr ide  ign i t ion  wou ld  occur .  The
s ta f f  bases  i t s  conc lus ion  on  the  fo l low ing  cons idera t ions :  (1 )  Rev iew o f  da ta  on  core  cond i t ion
indicates that there should not be signi f icant amounts of z jrconium hydric ie prescnt jn the reac-
to r  vesse l .  {2 )  0n ly  f ine ly  d iv ided z i rcon im hydr ide ,  in  a  powder  fo rm,  when exposed to  a i r
(oxygen) rrculd be pyrophoric.  The presence of hydrided Zircaloy cladding in the powdered state
wou ld  be  read i l y  iden i i f ied  by  v isua l  inspec t ion  w i th  underwater  TV mont io r  dur ing  core  inspec-
t ion  (p r io r  to  any  de fue l ino  opera t ion) .  Precaut ionary  ac t ions  w i l l  be  taken i f  such  presence is
ident i f ied to ensure that no f i re hazard would occur.  (3) Defuel ing operat ion wi l l  be performed
with water coverage. Zirccr ium hydride uruuld not igni te under water.

13 .10 .1 .4  Bas is  fo r  R iver  F low Rate  in  S torase Tank  Rupture  Acc ident  (21)

The f low rate of 10,000 cfs was est imated frorn the rat ing curve at Goldsboro gage for an eleva-
t ion of 279 f t  MSL and refers to the East cha'nnel.r  This assumed f low rate was used to est imate
the consequences of a storage tank rupture and subsequent release of the processed water into the
East  Channe l  w i th  subsequent  d i lu t ion .

l l e t t e r  (TLL  029 )  f r o rn  R .  F .  | . l i l son ,  Me t -Ed  Cr : . ,  t o  J .  T .  Co l l i ns ,  U .  S .  Nuc lea r  Regu la to ry
Commission,  Subject :  T l ' t I -2  Processed l .Jater  :Storage Tanks,  January 24,  1980.
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13.10 .1 .5  Ana lys is  o f  Poten t ia ' l  Leakage o f  Reactor  Bu i ld ing  Sump (50 ,  52 ,54 ,75 ,  100,  103 '  120)

Details of the analyses of leakage of reactor building sump water are presented in Appendix V

which deals str ict ly with the consequences of a non-mechanist ic accidental  
' leakage to the ground

water. The appendii does not however, attempt to quantify the probab'ility of such an event be-

cause i t  is not considered to be credible.

Numerica' l  values of peak concentrat ions in the r iver as a result  of  the postulated leakage of

reactor bui lding sump water are also provided.

The outcome of the analysis demonstrates that even for the severe assumptions chosen, the result-

ing concentrations in the Susquehanna River are well below 10 CFR Part 20 standards for unre-
st i icted uses. In addit ion, mit igat ive measures could be taken in the event of a signi f icant
loss of water from the sump.

13.10 .1 .6  Response o f  NRC to  Inc idents  (102)

The NRC maintains a 24-hour incident response center.  In the event of an incident '  the l icensee
wil l  not i fy the incicient response center and appropriate act ion b-v t l ie NRC staff  wi l l  be taken.

13 .10 .1 .7  Evacuat ion  Routes  (86 ,  92)

In determining the potent ' ia l  need for rap' id evacuat ion of the region around TMI in the event of

an accident dur ing cleanup, bounding case credible accidents were considered for al l  c leanup al-
ternat ives. Est imates of the offs i te dose consequences of these postulated accidents indicate
that the need for rapid evacuat ' ion would not ar ise. Without evacuat ion, the exposure to the max-
imun exposed individual of fs i te,  for the worst credible accident,  would st i ' l ' l  be a smal l  f ract ion
of exist ing cr i ter ia for potent ial  radiat ion exposures that would require evacuat ion.

13 .10 .1 .8  Popu la t ion  Dose Es t imat ion  in  Acc ident  Ana lys is  (103)

For each of the cleaning al ternat ives, bound' ing case accjdents were postulated and analyzed for
their  potent ial  dose' impact to the publ ic,  The results calculated for the maximal exposed person

indicate that the potent ial  radiat ion exposure dose is relat ' ively smal l  in comparison with the
accident dose ca]cu]ated for reactor operat ions. Under this circumstance, and in view of the
fact that the probabi l i t ies for the bounding case postulated accidents are very smal l ,  the calcu-
Iat ion of populat ion exposures (person-rem) is not warranted.

13 .10 .1 .9  Acc idents  Invo lv ing  Impact  o f  A i rp lane Crash (32 ,  50 ,  51 ,  120)

The reac tor  bu i ld ing  (RB)  and the  aux i l ia ry  and fue l  hand l ing  bu i ld ing  (AFHB)  are  des jgned to
withstand the impact of an airplane crash. (The types of aireraf i  using ihe i iarr isburg Inter-
nat ional Airport  have been taken into considerat ion.)  The consequences of an airplane crash with
respect to the radioact ive wastes that must be stored temporari ly on-si te outside of the RB and
AFHB,  were  a lso  cons idered.  In  any  event ,  the  probab i l i t y  o f  an  a i rc ra f t  s t r i k ing  the  s i te  i s
less than 10-7 per year,  which is general ly accepted as the 1im' i t  beyond which events are not
l i ke ly  to  occur .

13.10.2 Severe Natural  Phenomena

13.10 .2 .1  Poten t ja l  Impact  o f  F lood ing  ( i t z ,67 ,96 ,  103,  109,  120,  123)

As no ted  in  Sec t ion  10 .5 ,  the  po ten t ia l  fo r  re leases  due to  f lood ing  is  smal l  fo r  the  fo l low ing
reasons:  F i rs t ,  f lood-cont ro i  d ike  pro tec t ion  is  p rov ided fo r  rad ioac t ive  waste  s to rage ce l l s .
The r iver-water elevat ion has to exceed 304 f t  MSL to f lood over the cel ls.  This is an unl ikely
event;  the probabi l i ty of  recurrence interval  was est imated by the staff  to be greater than
2,000 years. (The f lood fol low' ing Hurr icane Agnes in 1972 resulted jn an elevat ion of the r iver
to 300.5 f t  MSL.) Second, the stored radi ioact ' ive wastes are protected by double containmeni jn
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sealed steel containers and sealed storage cells.  FSnally, the severe flooding that would top

the statlon dike would most llkely last less thar3 4 days.  Mitigating actions could be taken to

reduce the water level during that time.  It is unlヽ kely that this time interval would cause sig―

nificant leaks.  In addtttion, the auxlliary and fuel handllng bu1lding and the reactor bu1lding

would not be affected by the probable maximum flood since those buildings are fully protected

against entrv of floodwaters.

13.10.2.2  Basis for the Probable MaxSmum Flood (22, 55)

Flooding is discussed for the case of the Probable Maxヽ mum Flood (PMF), whiCh iS larger than the

Design Basi s Flood(DBF),whttCh in turn is larger than the largest historical flood.The PMF is

the largest flood for which safety― related equipment :s protected.  The DBF is the maxSInum flood

during which a plant may continue normal operation,  The analytical basis for the PMF is give:l in

detail in the Three MSle lsland Unit 2 Final Safety Analysis Report.  The PMF is based on very

conservatttve estimates by the Corps of EngSneers of Probable Maximum PrecSpitationl and runoff

characteristics.2  The flow at Three Mヽ le lsland for the PMF is 19650,000 CFS with an elevation

at the north end of the island of somewhat iess than 310 ft, and 305 ft at the south end of tヤ le

island.  It should be emphasized that thls Ss a very conservatttve flood, having a recurrence in―

terval well in excess of 1000 years.  This very low recurrence ttnterval, combヽ ned with the double

containttent, make it extremely unlヽ kely that any releases ギ 月1l occur due to flooding of the

Suttquehanna River.

The 1972 flood assGciated with HuFriCane Agnes was the iforst recorded flood since 1786, when such

record keeping began.  The U. S. Corps of Engineers has determined that the recurrence interval of

that type of flood is between 400 and 500 years.  The Corps of Engineers also estimated that the

1972 flood had a flow of about l,000,000 CFS.  The DBF for the TMI Plant is l,100,000 CFS and

would have a crest elevatlon of about 304 ft MSL at the north end of the island.  The grade eleva―

tlon on the site is approximately 304 ft.  DSkes have been constrttcted at a 310-ft elevation on

the north end of the island where flood elevation is highest, and at 304 ft at the south end.

13.10.2.3  Tornado Effects (50, 55)

An assessment of tornado effects and thettr consequences is given in Section 10.5。 2.  The probabil―

ity of a design basis tornado ls less than 10~7 per year, and the cleanup facキ 1 tヽies and waste

storage areas are suffヽ ciently protected so that releases are highly unl月 kely.

13.10。 2.4  Effects of Natural Dlsaster on Private Property (67)

As for the effects on private property (1.e., 18hOmeS・
1)frOm a severe natural disaster (e.9.,

floods, earthquakes), any property destructlon woせ ld probably only occur as a direct consequence

of the natur“ ■l phenomena itself.  For natural disasters up to certain levels of severity (e.g.,

Destgn 3asis Flood, Tornaど o or Earthquake), the leakage rjf radloacttvヽ ty would be prevented by

the design features reviewed in the Safety Evaluatlon for the TMI‐ 2 facility.  AS noted in Sec―

tio,, 10.5, potential consequences of a more severe disaster (e.g., Probable Maximum Flood)Vrere

aiso found to be winimal.

13.10.3  Safeguards Against Sabotage (10埜

The relationship between sabstoge and accヽ dents is difficult to assess ln all but probabilistic

terms,  Given the requtred safeguards imposed pursuant to CofTlmisslon Regulatlon, 10 CFR 73, its

llkel月 hood is regarJed too remote to be properly assessed in evaluative terms.

rCorps of Engineers,
2Corps of Engineers,

Hydrometeorological  Report  No.  40.
Susquehanna River  I 'as in Study,  Appendix D,  June 1970.
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13.11 SOCIOECONOMIC AND PSYCHOLOGICAL EFFECTS

f3 .11 .1  Soc ia l  and Economic  Impacts

1 3 . 1 1 . 1 . 1  S c o p e  o f  t h e  S t a f f ' s  S o c i o e c o n o m i c  A n a l y s i s  ( 5 ,  3 2 , 5 1 , 6 4 , 7 5 , 8 6 ,  1 0 0 )

The staff  agrees that Cumberland County should have been considered in Sect ion 3.1.6 because of
i ts prtx imity to and heightened awareness of l l ' l l .  This has been done in revising the sect ' ion for
the PEIS. However,  potent ial  impacts to the New Cumberland Army Depot and the Mechanicsburg Navy
Depot are not discussed because the staff  was unable to develop a credible mode' l  l inking postu-
lated accidents during decontaminat ion of TMI-2 with cont inued operat ion of these mi l  i tary
fac i l i t ies .  S imi la r ly ,  the  on ly  acc idents  wh ich  the  s ta f f  has  been ab le  to  pos tu la te  vou ld  no t
resu ' l t  in  s iqn i f i can t  rad ia t ion  doses  requ i r ing  hosp i ta i i za t ion ;  thus ,  the  d iscuss ion  in  the  dra f t
statement on hospital  care has been omit ted from this statement.

In developing rts environmentai  impact analysis the staff  must reach a ba1ance between the socjo-
economic  cos ts  and benef i t s  o f  ana lyz ing  a l l ,  even t r i v ia l ,  i ssues .  C1ear1y ,  an  ana lys is  o f  a l l
i ssues ,  because o f  i t s  leng th ,  wou ld  be  unreadab le  and thus  counterproduc t ive  to  pub l i c  d isc lo -
sure .  The ba lance in  the  s ta f f ' s  ana lys is  i s  ach ieved by  cons ider inq  the  scop ing  process  requ i red
under current CEQ regulat ions and by the appl icat ion of professional judoment.  The scopino pro-
cess  permi ts  the  s ta f f  to  sub jec t ive ly  rank  those concerns  expressed by  ind iv idua ls  in  pub l i c
meetings and mit ten correspondence. Professional judgment augments the expression of publ ic
concerns by adding or focusing issues which may not be ful ly appreciated by the publ ic.  The
s ta f f ' s  ba lanc ing  process  resu l ts  in  subs tan t ive ,  tempora l ,  and spat ia l  l ' im j ts  wh ich  descr ibe  the
f ramework  fo r  the  env i ronmenta l  impact  ana lys is .  Sec t ion  3 .1 .6 .L  p rov ides  the  ra t iona le  fo r  the
spat ia l  l im i ta t ion  o f  the  ana lys is .  t , Je  be l ieve  th is  d iscuss ion ,  wh ich  has  been rewr i t ten  fo r  the
PEIS,  i s  adequate .

13"11.1.2 The Susquehanna River as a Community l . later Supply (20, 130)

The statement on page 3-19 of the draft  PEIS that "use of the Susquehanna River in commun'ty water
supp ly  sys tems is  very  l im i ted"  was in  e r ro r .  Th is  has  been cor rec ted  in  Sec t ion  3 .1 .6 ,  and add j -
t iona l  users  a re  now l i s ted  in  Sec t ion  3 .L .4 .2 .

13 .11 .1 .3  Impact  o f  Inc reased Const ruc t jon  tJork fo rce  (50)

Sect ' ion  5 .2 .5 .4  o f  th is  f ina l  S ta tement  exp la jns  the  reasons  fo r  no t  eva lua t ino  the  impact  o f  jn -
moving construct ion workers on the communit ies and the economy.

13.11 .1 .4  E f fec ts  o f  Decontaminat ion  Ac t iv i t ies  on  Land and Inhab i ian ts  (75)

The comment was made that Sect ion 3.1.6.2 ( Impact StuCy Area) does not include effects of the
c leanup opera t ion .  The wr i te r  apparent ly  d id  no t  recogn ize  tha t  th js  sec t ion  is  in tended to  be
pure ly  descr ip t i ve .  Ana lys is  o f  the  e f fec ts  i s  in  Sec t jon  10 .6  o f  the  dra f t  s ta tement .  Ana lyses
of  soc ioeconomic  impacts  a re  found in  each sec t ion  o f  th is  f ina l  S ta tement  where  such d ' i scuss ions
are warranted.

13 .  I  1 .1 .5  Proper ty  Va lue  Ef fec ts  (50 ,  131)

In  genera l ,  the  s ta f f  agrees  w i th  the  Met - l id  comment  tha t  recent  da+-a  jnd jca t ing  inc reases  jn
property values between 1979 and 1980 are contrary to the statement in i tem 6 of Chapter 12 of the
dra f t  S ta tement ,  wh ich  says  " reduced p i 'oper ty  va lues  . . .  may occur . "  Sec t ion  3 ,L7 ,2  o f  th is
PEIS conta jns  in fo rmat ion  on  th is  sub jec t  wh jch  was no t  ava i lab le  when the  dra f t  PEIS was
wr i  t ten .
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13.11.1.6 Potential Impact on the ilarketabillty of Chesapeake Bay Shellfish and Finfish (11, 13,
16, 29, 30, 34, 4t, 44 49, 52, 61, 64, 56, 72, 100, 130)

Ihe potential for adverse inpact to Chesapeake Bqy activities--cmrcial fishing, seafood con-
smption, recreation fishing, and waterfowl hunting--as a result of controlled or uncontrolled
releases of tritiated water to the Susquehenna River is addressed in Section 7.3.5.4. The staff
concluded that an in-depth study of the potential elonomic losses to Chesapeake Bay activities
being undertaken by the State of l,laryland should precede the decision regarding disposition of
THI-Z processed rater. Section 3.1.6.1 contains descriptive information on the Chesapeake Bay
economy.

f3.11.2 Psychofogical  Concerm

13.11.2.1 Ternrs Used (2, 15, 19).-'

l l isuse of terms, particularly the rcrd "phobiarr, tras cited by several authorities. ,,Phobiarrhas
been removed from the discussions of psychological concerns in the final PEIS. Other technical
terms have also been exanined for appropriateness and consistency by the staff and its
consultants 

:
_13"11.2 .2  Ana lys is  Incomple te  (15 ,  32 ,  36 ,44 ,  51 ,61 ,  12 ,84 ,96 ,  99 ,  100,  106,  lZO,  l }4 l

:
In response to comnts suggesting that more detiii led analysis be made of the psychological con-
sequences of decontanination" the staff has expanded these discussions and placed them in the
appropriate chapters of the final PEIS. However, suggested iopics not within the scope of the
PEIS, such as the issues relative to restarting Unit 1, have not been addressed.

13.11.2.3 Psychological  Consequences (59, 67, 69,85, 93, 100, 114, l l i ,  lZZ, LZ3)

Itlany emnents allege that the psychological consequences of the cleanup process are understated in
the draft PEIS. In expanding the assessments of these consequences throughout chapters 5 through 9,
the staff has reexanined its assessments and changed them where appropriate.

13.11.2.4 Impact of Accident Minimized (99, 109, 114, 128)

The psychological inpact of the March 1979 accident at TllI-2 was minimized in Section 3.1.7, ac-
cording to several  coments. The expanded discussion in this Final PEIS (now ,n Sect ion 3.1.6)
examines the existing stress on the cormunity, and includes recent, research by Bromet (1980) and
Hout  e t  a l . ,  (1980) .

13.11.2.5 .Publ ic React ion Against Re' leases to the River (12, 52, 72, l l?)

The staff acknowledges the many cottxnents opposing the possible discharge of processed water to the
r iver. . .  Further analysis of the psychological  ef fects associated with al l  the feasible water dis-
posal al ternat ives is included in Sect ion 7.2.

13.11.2.6 Long-Term Psychological  Effects (67)

The staff 's discussion of psychoiogical  impacts attr ibuted to the TMI-2 accident has been revised
to acknowledge tro recent studies rfiich sugcesit that reasurable long-term psychological effects
may occur (Sec. 3.6.3).  However,  no conclusive evidence wi l l  exist  for nany years.
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13.12  FIRANCIAL ASPECTS O「  コMI■2 CLEANUP

13.12.l  Costs        i r

13.12.1.1 Costs t lot  Avai lable (59, 124, 125) '

Cost figures nere not included in the draft PEIS because they were not available in time. Re1a-
tive costs estimates for the alternatives are given in the PEIS. Un'like an environmental
statement on a proposed nuclear porer plant" cost factor s are secondary issues; the cleanup has
to proceed for protection of public health and safety and of the environment. It is appropriate,
horeyer, fran the standpoint of the l{ational Envirormental Policy Act, to consider the costs of
proposed actions in relationship with available alternatives. Even in this context, however,
consideration of costs are not dispositive.

L3.12;1.2'Relat ive Costs of Al ternat ives (4, 11, 13, 16, 50, 52, 51, 54, 55, 70, 84, 92,
ll2, 117)

Relat ive cost est imates of the cleanup al ternat ives have been ineluded in ihe PEIS. Financial
costs, horever, will not be a major factor in the Conmission's decision on specific cleanup propo-
sals as the mandated rresponsibilities of the t{RC are to ensure public health and safety and ensure
that the eovironmental impacts will be acceptable. Expenditures on the cleanup are not regulated
by the t{RC but are the responsibility of the licensee. Cost factors may wel'l influence the
licensee's cleanup proposals the licensee has the responsibility to make.

13.12.1.3 Deconmissioning Cost (115)

The conment refers to a cost figure originated in Volume II of NUREG-0662, "Final Environnental
Assessment for Decontanination of the Three l.li le Island Unit 2 Reactor Building Atmosphere." The
figure quoted originated frm a study by Stanford Research Institute. It was included in
Volune II of the IIUREG for the purpose of reproducing a'll the inputs that were received on the
vent ing quest ion. Tie discussion of decorrnissioning costs was actual ly i r relevant to the topic of
krypton venting. See Section 1.3 for an updated discussion of cleanup costs.

13.12.1.4 Cost-Benef i t  Analysis (32. 59, 64, 66, 105, 123)

Cost-benef i t  analysis,  in the usual sense for nuclear power plant appl icat ions, would include the
cost and benefit conpanisons of the application versus alternative sources of power. In the case
of the cleanup operations, the costs are discussed in terms of the relative worker radiation expo-
sures associated rith the alternatives, and the benefits would be in terms of the reduction or
el iminir t ion of potent ial  sources of radiat ion hazards to the publ ic through cleanup and d' isposi-
tion of radioactive rastes.

13.12.2 Financial  Responsibi l iW

13.12.2.1 l {RC Financial  Responsibi l i ty (V, 20, 59, 67, 102, 115, 126, 130)

The ilRC, as an independent regulatory body, is mandated to ensure public health and safety and the
protect ion of the environment for l icensed act iv i t ies; i t  has no responsibi l i ty for the f inancial
wel l -being of nuclear power, general ly,  and is not authorized to provide loans to ut i l i t ies for
the purpose of preventing bankruptcy. Additionaliy, it is not the function of the NRC to regu'late
the expenditures of ibtropolitan Edison C<mpany. The construction of the Submerged Demineralizer
System (SDS) by the licensee is proceedinq at his own risk, since the operation of this system
ri i l l  require the l {RC approval and such decision would not be made pending evaluat ion of the al ter-
natives and their envircrmental impacts in this final PEIS. Construction of the SDS has not prej-
udiced any t{RC decision on rhich method is nost appropriate. The NRC wi1'l evaluate t.he licensee,s
proposed cleanup activities in accordance with the mandate to ensure the health and safety of the
gublic and to protect the environment.
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1g.12.2.2 Licensee Financial  Responsibi l i ty (12, 38, 45, 66, 100, 101) :

The licensee, l{retropolitan Edison Company and its parent company, General Public Utiliuies are
responsible for the expenses of the cleanup. However, the licensee is presently constrained by
the Pennsylvania Public Utilities Conmission fran spending money frqn the rate payers on the
cleanup of TllI-2. Should the licensee be financially unable to carry out the required cleanup,
the tlRC has the authority under existing laws to act on behalf of the federal government such that
the cleanup can be continued without hazard to the general public.

13. i2.2.3 Licensee Default  ( I l ,  27, 66, 67, 100, 103, 114, l l5,  125)

The financial aspects of the licensee are not within the regulatory responsibilities of the ilRC
and it is not within the scope of the PEIS to discuss the financial impacts of cleanup on the
licensee. The f{RC Staff, however, has developed contingency plans in the event the licensee
should go bankrupt and fai l  to carry out the cleanup responsibi l i t ies. Detai ls of  this cont in-
gency planning can be found in a report prepared by the NRC staff, "Potential Impact of Licensee
Default  on Cleanup of TM[-2," ( I {UREG-0689).  A number of opt ions are possible, including NRC's
licensing another organization or another federal agency to clean up the facility or NRC,s taking
over the facility itself. However, additional funding, authorized and appropriated by the
Congress, would be necessary if such circumstances arise. The question of who is the plant opera-
tor for the cleanup, however, does not affect the evaluations in the PEIS. The cleanup alterna-
tives will remain the same even in the event the licensee should default on the cleanup
obl iqat ions.

マ



GLOSSARY

Absorbed dose--The energy irnparted to matter by ionizing radiation. l

AcF!9?Tt +CE--SIudge consisting of fine solid material which includes cement dust, dirt, resin
beads, etc., which have settled out from liquid contaminated during the TilI accident.

Accident water:
(a) l {ater that existed in the Ti l I -2 auxi l iary,  fuel  handl ing, and containment bui ldings,

including_the primary system, as of 0ctob6r 16, 1979, wiih the exception of wa[er-*trictr
as a result of decontamination operations becomes coimingled with nbn-accident-genenated

r, Hater such that the comringled water has a tritium conteit of 0.025 pCi/ml or l6ss before! processing.

(b) l{ater that has a.total_activity of greater than I pCi/mL prior to processing except where
sur:h water is originally non-accident water and becomes cbntaminatld by use-in cllanup.

(c) l{ater that contains greater than 0.025 pCi/mL of tritium before processing.

Activation--The inCuction of radioactivity in material by irradiation with nuclear particles,
usdlly neutrons- produced by a nuclear reactor.

AclivitY--A measure of the rate at which a material is undergoing spontaneous nuclear tnans-
Tormafions, giv ing off  radiat ion. The speciat uni t  of  act iv i t ]  i i  t t re cui ie i i i j .

!!Q.--Atomic Energy Cormission, predecessor to the Nuclear Regulatory Conrmission and the Depart-
nent of Energy.

AFHB--Auxi l iary and fue' l  handl ing bui ldings.

AFR-stolage--Away-from-reactor storage; refers to spent nuclear fuel storage facilities located
elsewhere than at a nuclear reactor site.

AL,ARA:-As low as reasonably achievable.

AlPha rgdiat lgn--An.emission_of part ic les (het ium nuclei)  f rom a.mater ial  undergoing nuclear
transformation; the particles have a nuclear mass number of four and a charge-of [lus two.

Alpha.Yasle--tJaste material cnntaminated by radionuclides that emit alpha particles; in
part icular,  t ransuranic elements

Ana4romous fish--Fish that ascend freshwater, streams from the sea to spawn.

Antons――Ions that are negatively charged.

Ant月cf I  occurrence-- l , l iscel laneous condit ions or act ions such as equipment fai l -
ure, ope ernor, sfra[ive error, that are expected to occur at a nuclear'plant that
are not of magnitude great enough to be co,nsidered an accident.

AP-citrox-process--A two-step decontamination process consisting of a pretreatment step using
an alF.al ine permanganate solut ion fol lowed by a cleaning step using a solut ion of c i t r ic and
oxa l ic  ac ids .

APAC process--Decontanination process using an alkaline permanganate solution and an ammonium
citrate solut ion.

GL-1
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APSR--See axial power shaping rods.

蝋 岳it
springs.

Atornic nmber--The number of protons in the nucleus of an atom which is a' lso.equa.l ' to' the.number--6'f-1ECffits 
outside the nutleus. The collective term for atoms of the sirme atomic number

is "element. "

--Rods inserted into the core of a reactor to control the nate of
regions of the core.

subsurface geological formation containing sufficient saturated permeable material
groundvater-and [o yield economically significant quantities of water to wells and

to

by sources (mostly
and radioactive elements

in the atnosphere, building materials, the human
Hamisburg area, the background radiation level
any contribution fron medical practice.

Belthig--Generally living on the bottom of a water body.

Beta paTlicles:-An electron or a positron (a particle with the same mass as an electron but with
a posrrrve cnarge rather than a'negative on'e). Usually used to refer to a particle moving at a
veiocity high eiough to produce iois. Beta iarticles ire comonly emi.tted from the nuclei of
atoms u-nderloing niclean transformation. Al'so referred to as beta radiation.

Beta radiation--See beta particles.

Bioconcentration (bioaccumulation)--The process whereby an organic system selectively.renoves
- an eremenr rrom rffiiVTF6frfr6frFand actumu'lates that.element in a higher concentration.

Biomass--The total  weight (mass) of l iv ing and dead organisms present in an area, volume, or
-6l6gical 

system.

Biota--Plant and animal l i fe.

Biot ic--Related to l iv ing organisms.

Bitumen--An asphalt  mater ial  (usual1y obtained from petroleum or coal- tar ref ining)-TfiTF-can 
be used in immobilization of radioactive wastes.

Bituminizat ion--Inmobi l izat ion of wastes by addit ion of bi tumen.

卿 :‐子:818]:せ‖te faieil:i:fi景:sを景tキ♀RC:iV:n‖品:iri予
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I~2 intended fo「 use in stOring water containing
been processed through the EPICOR II.

Boron――A neutron‐absorbing element used in nuclear reactor systems to controlr critScality.

Breakthrouqh volume--The processing volume passed thnough an absorbent (ion-exchange system) that
f f i rep lacbmentor iegenera t i r lno f the ion-exchangeres ins .

Buria_!_jroun!--An area specifically designed fon the disposal of solid waste.

Burnablo poison rods--Rods containing mater ia ' ls with high neutron-absorb' ing q$abi. l i ty which are
used ln f,.ne core 6't a reactor to cSntrol rr:activity. As the rods are iffadiated, the amount of
nlui"ii-idiorUing material is reduced. Thiri reductJon in neutron-absorbing material,cg!q9!:1':es
for the bui ldup 6t f ission products in the fuel  which absorb neutrons, and a general  reduct ion
in the amount bf f issionablb mater ial  as t lne fuel  is i r radiated.

body, and from the crust of earth. In t
is about l l5 mrem per year,  not including

of earth.  In the
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Calandria--A sealed vessel containing cooling tubes used in the core of some types of reactors.
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Carnlvorous―‐weat eating.

CqtEdloqqqs fiSh--Fish living in fresh water and migrating to salt water to spawn.

Cation--An ion with a posit ive charge.

CCST--Chemical clean' lno solution tank.

CCTV--CI osed-ci rcui t tel evi si on.

cfm--Cubic feet per minute.

!f!--Code of Federal Regulations.

cfs--cubic feet per second.

Chelqli4g qge!!--An organic compound used to complex some metal ions to prevent them from-.------{|+-.- 
preEnpfiefing in neutral or alkaline wash solutions.

Chemical decontamination--Use of solvents to dissolve or suspend radioactive contaminants.

9i--See curie.

Claddind.,-See fuel rod dladding.

Cleanup--ft-r reference to TilI-2, this term is used to mean decontamination, core removal (defuel-
..+

inS); and\ waste disposal.
\

Cold leg--Th\ section of Pt{R reactor coo'ling system piping through which the coolant flows from
th r heat exdhanger to the core.

Col i form bacter ia-- Intest inal  bacter ia that are considered as indicators of.possible water
#--poTtutfon-fn-Uman 

or animal wastes. i

Condensate‐,Th1 1ヽquギd product formed by condensation of a SとpOr.
Containnent (or reactor) bui lding--The structure housing the nuc' lear reactor.  The bui lding is
� r c e d c o n c : r e t e a n d i s d 6 s i g n e f , t o w i t h s t a n d i n t e r n a l p r e s s i r e

ahd exteinal col l is ions. I t  also is f i t ted with gas-t ight seals designed to contain radio-
act iv i ty within the bui lding and permit  release of radioact ive mater ials only urrder control led
condit ions.

Cq$O!@gn!__gg!p--See reactor bui ldi ng suntp.

Contaminat ion--In this document general ly used to mean the deposit ion, solut ion, or inf i l t rat ion
-'fffifrElides on or into an object, nnteria1, or area.

Control rods (CR)--An amay of tubes that contain materia'l that absorbs neutrons and is inserted-Tn6-Eh'e 
coFE of a nuclear reactor to control or halt nuclear fission.
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Core--The central portion of a nuclear reactor containing the fuel elements.
- - -  - ' - -  - J - - -

e-oitts'ion.pr:oduc,ts--ltl iter.ials. formed by chemical reaction of metals with the coolant in,the reactor.

CP review--Construction pennit revievl; the review proceedings conducied by the llRC prior to
J5fr6iEe of a permit tb construct a nuclear powei plant. 

-

CR--See control rods.

CRDII--Control rod drive mechanism.

Crit ical--The cundit ion in which an arrangement of f issionable material undergoes nuclear
lTiEi6n at a se'lf-sustaining rate.

Grit ical i ty safety--The handling and storage of f issionable materials in such a manner that they
# .

wffflecomt crltical only under desired, controlled conditions.

Crud--Corrosion products (pr incipal ly oxides of i ron, chromium, and nickel)  c irculat ing in or-l6osely 
deposited on the surfaces of the primary system.

Cryogenic processing--Low-temperature separation of gases.

CS!--Co4tainment service bui lding. i . .

Cumulative occupational dose--The total radiation dose to workers; determined by multiplying the
f f i o f w o r k e r s e x p o s e d t i m e s t h e t e n g t h o f e x p o s u r e . T h i s i s e x p r e s s e d

in terms of person-rem.

Curie {Ci)--The special  uni t  of  radioact iv i+.y.  Act iv i ty is def ined as the number of nuclear
TFdfrlFilrmations'occurring in a given quantity of material per unit time. One curie of

r a d i o a c t i v i t y i s 3 7 b i l l i o n t r a n s f o r m a t i o n s p e r s e c o n d . � � �

D-rings--The shield enclosures around the steam generator compartmenls;. they are so named
because of their  shape. . . ,

Dauqhter products--The nuclides formed by the radioactive disintegration of.-a firgt nuclide-TFanenO. 
\

Dead leg--A section of reactor cooling system piping connected i\a manner such i,hat it does not
ffii-n with +he rest of the system oi such that water does not cilculate through it'.,

Decay chal l --The sequence of radioact ive disintegrat ions in succession from'one nucl ide tc--ano$errrntil 
a stable daughter is reachecl. 

i
Oecay heat--Thermal energy produced by the clecay of radioactive Tiateria'ts. 

!

Decommissioning--The planned, orderly execut;ionOf steps t【pl,・e a fac‐11ty ギn a perwan,ntlγ

Decontamination--The removal of radiGactive materlal from a surfaCe or from wStいin another

entry by perSonnel fl retulated
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Demineral izer systems--processing systems in which synthet ic ion-exchange mater ial :  are used to
@romwater.  

-  -

Design basis earthquake--See opera.ting basis earthquake.

Desiqn response spectra--Plots of the intensit ies (ampl i tude) versus the frequencies'of ground
@ c t r u m i s d e t e r m i n e d , a n u c . | e a r - r e a c t o r s t r u c t u r e ' s r e s p o n s e t o t h 5 t m o t i o n

is computed by determining the extent to which it amplifies movement of the ground Response
spectra are determined from geologic histories of ground motion.

' :
Desorb--To remove materials that have been adsorped on another material.

qe3$!gg--Loose organic material formed from decomposition of organisms.

-Obtained by mult iply ing number of dis integrat ions per second

Disintegrations per second (dps)--The number of radioactive decay events cccuming per second

D0E--U.S. Department of Energy.

[)ose conunltment--The integrated dose that results unavoidably from an intake of radioactive
metFiETJtar-ting at the time of intake and continuing (aL a decreasing dose rate) to later'
t ime (usual ly specif ied to be 50 years from intake).

Dose--A general term indicating tirs amount of energy absorbed from incident radiation by a
unit  mass of any mater ial .

[)osimeter--Dose meter; an instrument that measures radiation dose.

dpt!--See disintegrat ions per minute.

dps--See disintegrations p.er second.

Earthquahg-Lnlgngj!--See modi f i ed l,lerca1'l i scal e.

Eductor--An ejector l ike device used to mix or agi tate f lu ids. Eductors are frequent ly used to
pump f lu ids .

EPICOR I--The l iquid radioact ive waste processing system designed for use during rout ine operat ion
of  T l . l I  to  c lean up  l iqu ids  conta in ing  ac t iv i t y  less  than I  m ic rocur ie  per  mi l l i l i te r  o f  water .

EPl lQSlI--A f i l t rat ion and demineral izer system designed to process some of the l iquid radio-
acffiwaste resulting from the TMI accidLnt. The iystem chn be used on liquid wdste contain-
ing between 1 and 100 microcuries of radioact iv i ty per mi l l i l i ter of  water.

E:lggry--A semienclosed coastal body of water that has a free connection with the open sea and
within which sea water is measurably di luted with fresh water.

Eutrcph' i ! --Pertaining to a shal low lake containing a high concentrat ion of dissolved nutr ients
and having periods of oxygen def ic iency.

Eysporator bol lgCIe--The residue in an evaporator fol lowing evaporat ion of l iquids.

ExclqglLe-ggglsh' ic les--Refers to vehicles used only to transport  radioact ive waste from a single
ffi
Exposure--The condit ion of being made subjr:ct to the action of radiat ' ionl also, frequent' ly, the- -- 

Euantity of radiation,received.



[!!--Fi nal Envi ronrnental Stalement.

Filtrate--l,laterial that has pilssed through a filter.

Fissi le mater ial-- l , later iai  capable of undergoing f ission fol lowing the absorpt ion of thermal

@ e r o . e n e r g y ) i t L u t r o n s , € . 9 . , U . 2 3 8 a n d P u - 2 3 9
Fission products--The nurl ides formed by-the divis ion of a heavier nucleus, typical ly. in,? f
-iETFiFTEECto-r. Is'.rtopes of essentihlly al'l elements are produced by fission of fissile

miterials. Fission-plohucts are the mai-n radioactive compohents of high-level radioactive j
i istes.l 

'

Fission-.The spontaneoLrs or induced disintegration of a heavy atom into tvo or more lighter atoms
Tiffi-an accoinpanying rirss of mass which is converted into nuclear energy.

Fissionable--Mater ial  capabie of undergoing f ission when struck by neutrons of str f f ic jent ly high
energvJ.g. ,  u-238

GLコ6

Freon――Tradename fo, any of sever81 1lquSd or gaseou6 fluorinated hydroCarbon3.

壁里
…Final Safety Analysis Report.

FTC‐‐See fuel transfer canal:
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r determining the locatうon of all nuclear fuel to prevent
)urPoses.

Fuel assemb_lies--t{etal grid structures containing arrays of nuclear fuel rods.

Fuel processing--Chemical and physical  reprocessing of spent uranium- or thor ium-based fuels
#

Tor separarron and reiovery bfuranium,' thor ium,-and plutonium from the f ission product
wastes.

Fue'l rod cladding--Metal material forming the exterior of a nuclear reactor fuel rod.

Fuel rod--One of many meta1 tubes containing uranium fue'l for a nuclear reactor-

Fuel transfer canal (FTC)--A water-fil led channel that connects the reactor core and the spent
TueTrTorag-_e pool.

Fuel--See nuclear fuel .

Gamma radiat ion--Electromagnetic radiat ion of high-energy (and-short  wave]ength), .  emit ted by

f f i o i n g i n t e r n i l c h a n g e s . G a m n a ( r a y s ) h 9 Y e t h e h i g h e s t . e n e r g y a n d s h o r t e s t w a v e .
i ;gih in- i tE " iEct iomagnetic sf iectrum and ire capable of penet 'at ing several  inches of a

sol id such as concrete.

Garima scan--Use of radiat ion-detect ion equipment designed specif ical ly_to detect gamma.radi.at ion
tn"rgy. i t i r  process ian'be used to evaluate the integri ty of imadiated fueland measure lEs (

e' lements.

gpm--gal lons per minute.

GPU--Genera l  Pub l ic  Ut i l i t i es  Co.

Groundwater--trJater thai; exists or flows below the ground's surface (within the zone of

Fturili6n).

Half■life――The time required for half of a given radioactive substance to decay.
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Hands-on vork--l{ork requiring the presence of workers for physical manipulation of contaminated
r for acttial deiontamination activities.

HEPA f i l ter--High eff ic iency part iculate air  f i l ter.

[ !gh-density f ixat ive--An adhesive plast ic simi lar to that used for caulking compounds or roof
f f i b u t w i t h a h i ! h - d e n s i t y f i l I e r a d d e d t o ' i n c r e a s e r a d i i t i o n . s h i e l d i n g .

l

High-frequency anchor point--A geologic term meaning the maximum intensity (amplitude) determined
-rotn E-e ground motion spectrum; used to compute the design response.

High-level waste (E!f)--Spent nuclear fuel or the radioactive materials extracted from spent
%srno-TUer ourrng reprocessrng.

Hig!-p!gtig!! !i!g!=i"!::l lis!:?lessure, low-flow-rate water-jet spnay system desisned for use
rn remOVrng SUrfaCe COntamlnatl0n. ......

全聖ユ:子
Wi予
:景ish:常intthi:R卜:iea:|:苫::を85。:h89 ‖]岳titteW!i:118岳'1‐nd＼＼＼

burttal lques.

Holdback-camier solut ions--Solut ion containing inact ive atoms which exchange with the radio-
@o surfaces or equipment.

Hot cel l --A heavi ly shielded work area designed to contain highly radioact ive mater ials and- . .i r rcTuding provisions for remote manipulat ions of such mater ials.

Hot leg--The section of Pl{R reactor cooling system piping through which the coolant flows from
the reacton core to the heat exchanger.

Hot spots--Specif ic locat ions where radiat ion dose rates are signi f icant ly higher than in the
jenffiT suiroundings.

HPI--High:pressure inject ion system. This system is used to inject water into the reactor vessel
ln the event of a loss-of-coolant-accident.

HSAI{--See !i gh-lpecific-Activity waste.

HTO--Tritiated water in which one of the two hydrogen atoms has been replaced by a tritium atom
Jsee tritiated water).

Hydrogen control subsystem--A portion of the reactor building ventilation system designed to
@ l c e n t r a t i o n . o f t h e ' b u i I d i n g a t m o s p h e r e t o w i t h i n s p e c i f i e d I i m i t s .

Ichthyoplankton--Fish' larvae and eggs.

Immobi l izat ion--In this document,  usual ly meant to refer to the f ix ing or sol idi f icat ion of radio-
f f i t - e s b y a n y o f s e v e r a l p o s s i b 1 e m e a n s ( e . g . , s o l i d i f i c a t i o n i n c e m e n t ) .

In -s i tu - - In  p Iace .

Induced-service employment--Jobs created to ful f i l l  the service needs of workers moving into
f f i u ] d b e i n t h e p u b 1 i c s e c t o r ( e . g . ' h i r . i n g o f m o r e f i r e m e n ) o r t h e

private sector (e.g.,  hir ing of more waitresses at 'a local cafe).  In some cases, the jobs
Lould be with loca' l  f i rms providing goods on services direct ly for the cleanup effort .

Internals--See reactor internals.

Invertebrates‐ ‐Animals wSthout backbones (suCh as insects and worms).

Ion exchange media― ―Restns or zeolSte riateriais used in ion exchange processes.
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Ionギzttng Radギatギ。n,‐Any form of radiat村 on that gさ nerates ionsi       ‐        | .!
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・。Exposure tO radtatiOn, e.g., by being placed near a radioactive source or in aぃ
 X‐ray
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LCF―‐Latent cancer fatalities.

鞘 ::lf‖:Wi:i↓をatte:♀:‖♀:帝stt:t::8,:;i C°ntr°l rods and axial power shapギng rods to
LET―。See l:near energy transfer.

上otdoWn c001ers― ―Heat exchangers used to c001 reactor primary water before routtne purification.
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LLW‐コSee low―levol waste.
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ed as ュoW Specific ttCtiVity by

Macrophy=eS―。Macroscopic Plants, especially in aquatic habitats.
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MDHRSriSee nSn村 01cay heat removal system.
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means, such as sandblasting, to dis10dge radio―Mechanical decontamination― ―use of mechanical
i actSve corltan1l nants.   ‐             1                                                         1    ‐ ■!

Meltdown,こ A ,t,tetin the coFe of l reaFtOr in wい iChi叩olting of full end ギ nternal rrslltOr      .
compOnents cccurs.                  |

Hesotrophic‐ ・Refers to a lake characterized by a moderate supply of tlutrients in the water.

M阜
:早:き雪::::♀号1石
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豊
告百モ:Aifai:i:ti景 3Ct‖:Sc8品:eitl:tilttti:| :を予

tct8告
:Sm:i[♀)R:f f

raOうoactive materials at a given location to a release rate (Ci/seC)。 f radloactive
material at another location.     :                                  :                     .

型回旦
~~nillう。n gallons per day.   !  ‐

i3甘8;if°
r measuring radiOactivity.Ole microcurie iS°ne one―milllonth ofia

Milk juggers――Farmers who sell milk dtrectly to consumers.                       .

Hlllicurie(mCi)。 ‐Unit for radicactivity,one millicurie equals one one― thousandth(1/1000)of a Curie.

Hill rヽem (mrem)―-One one‐thousandth (1/1,000)of a rem (see rem).

鵠;it 】p::i:! f°rced~Circulation cooling system installed

MSnimum detectable activity (MDA)‐ ―Hinimum level of rad,o31tiVity detectable above background.

Hoderator‐ ―A material such as ordinary water or graphite used ヽ n a reactor to 510W dOwn high―

"neutrons,thus increasing the likellhood of fission.

H豊
忠:〔キ:里5常予予豊S,ユキ再告増半告而:景号き;~モ合

nx]ibi::8:半
n3C81品。:t earthquake intensity, ranging from I (dOtec―total destruct oヽn).
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常:手普と忌キ石::豊単3:こ含li3eli:Siti:ll:u!せ。半it[.a lattSCelike formatttPR uSed to absorb or separate

nBrem――See milltrem.

MSL――Mean se3 1eVel.

理
‐‐Megawattsi unit of power equal to l,000,000 watts.

単里
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f pOwer den?ting ° utput of an electric power plant equal to one

MWHT―‐Miscellaneous waste holdup tank.
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埋 C。‐See H旺 lear Regulatory CcHtssfon.
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:!'Te't Stat'Cn. ncw ld]ho National Engineering Laboratory (INEL), near

NS-l process‐‐A proprietary tgecontanlnatiOn process developed hy Oow chemical Ccttpany.

」笙基里呈
――Nuclear Stett supply systemど ― ‐

常単岳|:早:石:営:|[子:iStti:18:lel[8:::::1モini景[t岳lti岩:°siatと:lf:Fui:Rfi呂
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xi古:: 'aslC fuel fPr ttCSt °

f

― A factlity that uses enertt fron a nuclear reactor to produce electrSctty.

r打ng ttn the nuclei:rilC:iSat8:. leCtromgnettc en,Fgy glven off due tc the trPnifoma,loい
 °

CCur‐

can be mattnta:nをd :常iC:。itl:予i:in:。i二::i°la::it▼:ti]ialuil。どとiCh a chatl of ftSSt6n events

ittU手:se:::lCtttresponsヽ
ble for the l村censing, reg口latiOn, and

Bciear reactors, as wel1 8S nuClear natertels.

峨 配 鮮 :i農 絆 。岳18盟
eげ

:噂 :18'ド 縫gttte[lse世 総 ]:da8機 tf:lgi!封
tuttd in th,Center

Nucllde‐‐A spectes of aton hav:ng a spectfic mass, atontc nuttber, and nuclear enqrgy state.

::T:骨 :景:i]!i81k,Xp°
Stre to which workers at a nuclear facヽlity

処ギ斗撃揺謎:etttil毛::播せ鍬 rieti; the review proceedings conducted by the llRC prior
icense for a nuclear pcwer plant.

basis -"An eanthquake of an intensity through which a nuclear plant is
iona l .

聯 :こ!:i°
ntanination process using a solution of oxal:c acttd, hydrogen peroxide, and

O r d e L o f  m a g n i t u d e――A  s p e c i f f c a t t o n  t n d t c a t i n t i  a  r a n g e  o r  f t t c t o r  o f  a b o u t  t e n .

i‐::器受i謎inatt°
n pracess using a solutton of oxalヽc acSd,

Oxttdatton――A chemical reaction that fncreases the oxygen content of a compound_

Partラculates― Small partttcles.

PEIS― Progrttmtic Envヽ r研碑 ntal lmpaCt Statemに nt.
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Percolation--Gravity floy of groundnater through the pore spaces in rock or soil.

Penissible dose--The dose of ionizing radiation that, in the light of present-knowledge,- 
,effi;egtTgible probability of ciusing severe sonatic injury on genetic effect.

: \
Person-rer-The su of the individual radiation doses (collective doce) received by $embers of a

cetEiil group or population. It nay be calculatetl by nultiplying the average dose'per person
-=..by the nu$er of persons. For exanple, a thousand people each exposed to one miltit'Fm,.=.by the nu$er of persons. For exanple, a thousand people

(V1000 rer) would have a collective dose of 1 person-rem.

pH--A reasune of the relative acidity or alkalinity of a solution; a neutral solution
.: 

-pH 
of 7, acids have a pH of below 7, bases have a pH above 7..'

PSsclvoぃ ous‐‐Ftsh eating.

zooplani:]景

llali::l:;TS paSStVely floating ttn the water5 村 ncludes phytoplankton (PlantS)and

Plateout--The deposition of a substance from suspension or solution onto the internal surfaces
- ' fTtE vessels '(e.g.,  pipes) containing the i ihuid. In this document,  plateout refers speci-

fically to thin layers'of radioniqlidei that were deposited on all exposed building and -
equipr6nt surfaceiinside the reaitgr building and oh the insides of pipes and tanks during
and after the accident. 

\ \
開en時 ‐See upper口 ett assenbw.

Polコer‐‐A large molecule fomed by the un of snal l  or s imple molecules.

~:子
をit 甘l晋]:S:]n:fd:‖:i半

肯
:181

dose.

ation doses received by all those exposed to
qsed as persori-rem. The same as collective

P0RV--Pilot operated relief yalve, located in a pipe--frsigned 
to'open autonratically when the primary sy

close autonatically vhen the system pressure is back norrnal .

Positive disDlacement pump--A pump in which a measured
@eiiiand tireh it is delivered.

Pressure vgssel--Serr reactor pressure vessel.

:モ[‖ia ♀iT予:i:‖. f the food chaln base through
Primary system― ―See reactor coollng system.

――Water in (Or from)the reacto.r coolant system.           ｀
＼`
＼＼
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Processed water――Contanlnated water that has been
t r S t モ臨 ) .

子tとf::t3iG 品岳」ti」aihi8ょ,,C:‖|

:::::::告:キ|!leとii:号pi::i:!甲Vilyaf:8せ:早ti:]:::it                                               、、、

ng out of the top of pressurizer and
pressure exceeds a safe limit and to

l ty of l iquid is entrapped in a space,

ic carrbon fixation

豊
目
電
彊
彊
彊
彊
撞
爆
彊
堤
彊
彊
堤
堪
十堤
違
彊
ギ，「有七妃
甚
ｋ



エエ‐ギ十 1三     |:

‐          GL-12                                t

PRTR‐‐Plu,onitan Recycle Test Reactor at Hanford,Washington.               ・

1豊ユ「
‐POunds per square lnchi a measure of pressure.
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R & D--Research and developnent"

R--See roentgen.

Rad--A unit of absorbed dose of ionizing radiation. A dose of one rad results from the absorp-
Tion of 100 ergs of enerry per gram of absorbing material.

Radiation spectrum--The intensity of radiation expressed'as a function of gnergy

Radiation survey--The instrumental evaluation of an area or object in order to detect, identify'-ffiqrtaififadi 
oacti ve materi al s and radi ati on f i el d'; present.

Radiation zone--Area that contains radioactive materialr; in quantities significant enough to--reqfficontrol 
of personnel entry to the area.

Radiation--Enersr in the form of electromagnetic rays
l:iAes (electrons, neutrons,' hel ium nuclei ) sent

or atomic nuclei as they undergo internal change or
radiation interactions with matter.

R皇
!:♀暑:::普

豊
石|::3予

‐

:ihitSP°
ntaneous natural process by whヽ ch an unstable radicactive nucleus

lrtScles.

Radioactive waste--l{aste riaterials (solids, Iiquids, or gases), contaminated with radionuclides.

Radioactivity--Product of radioactive decay of an unstable atom-

Radioiodines--Radioactive isotopes of iodine.

Radioisotopes--itadioactive isotope (see also nadionuclide and isotope).

R a d i o n u c l i d e - . A n u n s t a b l e r r u c l i d e t h a t u n d e r g o e s r a d i o a c t i v e d e c a y . � �

――The toxtc or polsonous property released by ioniz:ng radiation during radioactSve

Radwaste。口See rad村oactttve waste.

chain react ion can be ini t iated, maintained, and

area for decontamination operations cstablished
poi nt .

reactor bui lding, designed to receive and ho' ld,  Qn

―  i一 _.‐ 1ャ!=■…‐ ― ― ユ :=:去■■ュ=二 i二 =工 … Ⅲ ■ょ 慕 もえ車二fキ 圭 上 墨 色 五 装 主 睦 釜 墨 畠 贔 基

(radiowaves, light, X-bays, gamma rays) or
out through space fron atoms, molecules,
resulting-from particles and electromagnetic

8!--See reactor building.

RCS--See reactor cooiing (or coolant) system.

Reactor (nuclear)--A device in which a f ission
cofr'ffiTlEil.

Reactor buildins encroachment area--A staging
r the entrY

Reactor buildinq sump--The Iowest part of the
@drainage and overflow.

Reactor bui ldinq--The structure housing the nuclear reactor.  The bui ' ld ing ' is special ly con-_
Jffia onFdinforced concrete and is d,esigned to withstand internal pressure and external

iol l is ions. I t  also is f i t ted with gas-t ight seais designed to-contain al l ' . radioac-t iy i ty within
ihe bui lding and permit  reiease of radioact ive mater ials only under control led condit ions.

/
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reactor cooling water.

Reactor internals‐ ‐The wartous tOmponent parts and systems withttn the reactor pressure vessel.

i。:‖さtttt,ile普:岳景:lv::]と]inttng the l'actor C°ieS aiso refeired‐19

il: 11。iure, Pr lil' °
n t°

' °
f the vessel that coniains lle

Reagents――Substances or solutions/tsed to pFOduce a chemtcal reacttton。

」
母

Ｅ

降

庁
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“RVFS t{ater filtration system that is being used
contamlnated water in the AFHB.

Recrtticality一 Reinitiation of/a self―sustaining hucttear chain reaction.

Release fractSon――The fractSon of the radicactive material in a vessel assumed to be released
百f the vessel ls ruptured or otherwヽ se breached.    、

Rem。‐A unSt of dose equivalent which tts proportional to the risk of b月ological lnsury.

fttcatSon of‐:苦li]li;:忌とdT岳:ことrVisSil景―普景:lai3eC°
ntafn thO resins and/or zeolites during puri'

processes.

里呈号::号;岳i!li:ati。景
eliSilil肯

::!ducts of synthetic origin used iボ
ー付onoexchange processes

Rtpartan‐ ‐Livttng or located along the shoreline of a body of water (3t therlandBwater interface).

印 子
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i!duCed an

単浩摯ギ略謡許瑠嘉鑑碧瑠鼎鎌岸欝革斜鱗砦:謎::i恥i様
tl濡:1:ntttially nonrad卓olctiVe,e,g.,

vels of radうoactiヤe mater:als,
rlver

This

Met口Ed.is not accident water as defined by the Agreement

8!!--See reactor pressure vessel.

RPVH--See reactor pressure vessel head.

RVFS--See recirculating vacuum filter system.

between City of Lancast,r、 NRC, and
i

Safe shutdovn -The greatest intensity earthquake which plant must
condit ion.i l l be able to be shutdown and maintained

SDS――See subHlerged demineralizer system.

:千
Aflarge ring that tts fastened between the reactor vessel tlange and the

'loor.  When this ring tts installed it forms a watertighむ seal alloヤing
the fuel transfer canal to be flooded.

Sediment--Solid material in the water that is not in solution, but is either--Tater 
or settled out of it.
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Sequesteninq agent--See chelating agent.

SerE--n teporary biological comunity that occurs during a successional sequence on a given
site.

SFP--See spent fuel pool.

Shield!ru--A bapier of solid or liquid naterial (e.g., lead,' concrete, or water) which reduces-tfie-inlensity 
of radiation as it jasses through ani rhich ian be used to protect personnel

fror the daraging effects of ionizing radiation.

Short-lived isotope--A radioactive nuclide that decays so rapidly that a given quantilV-!s
f f i i t s d a u g h t e r p r o d u c t s w i t h i n a s h - o r t p e r i 6 d ( u s u a l l y t h o s e w i t h a h a l f .

life of days or less).

Sludoe--sludoe in the case of TllI-2 refers to a mixture of fine solid material which includes part-
iiTEs oi-iErcnC Aust, Oirt, and resin beads, etc. that have settled out from a suspension in the

uater.

Slurry--A free-flowing, punpable suspension of fine solid material in liquid.

Snears--Dry or noistened filter papers that have been rubbed on areas of suspected radioactivi.ty
ffitfren subjected to analysis'tb determine the type and approximate amount of removable radio-

act iv i ty.

Solubilize--To nake a naterial soluble or to increase fts solubility.

Solvent--A l iquid capable of dissolving a sol id or another l iquid.

Source terrr--The quantity of radioactive material, released by an accident or operation.
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―A water―f11lel pool destgned specifically for the storage of spent

Spool ptece‐‐A short, flanged section of ptpe used to ccnnect two ptpeltnes.

S登
景::言

三
:i岳

1:軍
骨:iSP:‖8: :i:苦ii3 ::83!°

tiVe f°rce ttn l村ftSng or lowering the reactor control

宣と:岩号8景:子Ac81モllatiRteff品)18:etori::28V3をa]]d(liSpOSal.  Storage can be performed for periods ofing term).

Subcrttical‐ ‐The state in a nuclear reactor when the rate of neutron loss exceets the rate of--nffin 
Froduction.

Subnerqed demineralizer systen (SDS)--A demineralizer system, similar to EPIC0R II, that the
trcensee proposes-E6-6iFtrrr--ffi-the spent fuel pool and use to process accident vrater.

Sttlp water--l{ater that has accumuiated in a sump.

Srry--The lowest part of a building designed to receive and hold, on a temporary basis, drainage
-Tfrd 

overflow.

supernatg--The clear liquid above a settled solid or precipitate.

Surfactants--Abbreviation for surface-active agent.. Detergents or soaps which alter surface
ffiilit" inli"iaEiai tensiifr-FffiTEe-ffiil other liquids or solids; used for decon-

tanination purposes.

Technical Specifications--Requirenents which are part of the NRG Operating License for a nucle:,n
- pouer plant.



Viscous--Refeps to liquids that..are thick and not
\

Vitrified waste!--Radioactive was\s irmobi I ized,
, \

GL-15

barrier, such as a plastic tent, used to enclose a
airborne contanination fron being carried outside

free flowing.

or  so l id i f ied ,  in  g lass .

the rear  of  a sol id  body,  l ike
around +-he object.

of a pollutant being emitted

purify water.

and for other reactor core

are f i l led with water under

‐A

prevent
the space.

Thenolninescent detector (TLD)--A solid-state deviee used to measure radiation doses (see dosi-
re-

TLD--See therrol rninescent detector.

Total-bodr dose--The radiation dose to the total body, including the bone and all organs, from
both external and internal radionuclides.

Trqnsuranic (TRU) vaste--llastes which contain or are contaminated by in excess of 10 nanocuries
(one nanocurie = one-bill ionth of a curie) per gram of transuranic elements (with mass
nurbers higher than uraniun).

Tritiated water--tlater in which one or both hydrogen atons have been replaced by a tritium atom.
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tope of hydぃogen, approxSmately three times heavter than the

ant) fOrm.  The half-1:fe :s 12.5 years.

Trophic structure--A characteristic feature of any ecosystem neasured and described either in
tenns of-the-Etanding crop per unit area or enerqy fixed per unit area per unit time; often used
broadly to refer to the varヽ ous levels of a food chaSn.

TRU waste―。See transuranlc waste.
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||:s:;.the degree to whtch sed:ments and other forelgn matter are suspended

Unrestricted areas--An area to which access is not controlled for purposes of protection of
radioactive material s.individuals fron exposure to radiation or

Upper plenui assenbly--A large cylindrical plate that fits into the reactor vessel to guide
the control rods and press down on the fuel assemblies in order tc maintain proper alignment.

\
tJake-cavity effect--The region of turbulance irmediately to

building,- that is formed yhen wind curqents flerr over and
\

l{hol e:Dq4yj9ge--See total-body dose.\,
\
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Zeolttes―!Any of var:ous natural or synt悔ど皆゙zをd stlicates used to
Zlrcaloy――A z:rconun―base altoy used as じhe【`lsdding for fuel rods

hardware.                                  、

Zone of saturation― ―A subsurface zone ttn which tall the →nterstices
pressure greater than the atmosphere.


